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In modem timeB ths tendency of the inhflbitants of a country 
to dwell together in large commimities, and the consequent 
need for accumulating in a particiilar loculity a sufficient 
supply of water for household, Mciol, and industrial purposea, 
have rendered neceEsaiy the conetrnction of anch engineering 
wotka as impounding reserroiTB and wells, by means of which 
tile abundant measure of sparsely populated districts may bo 
utilized, and water obtained ,not only free from those impuri- 
tiea which it collects in densely populated districts, but also 
ia greater quantity than the natural sources of the district are 
capable of supplying. 

Of the works mentioned, wells have fairly a primary claim 
upon the notice of the sanitary engineer, for, without imder- 
Taluing other sources of supply, the water from them certainly 
poBsesses the advantage over that from rivers and sor&ce 
drainage, of being without organic admixture and usimpregnated 
with those deadly spores which find their way into suriace 
waters and are sq fatal in seasons of epidemic visitatioa. A 
great deal of the irregularity in the action of wells, and the 
consequent distmst with which they are regarded by many, is 
attributable either to improper situatioa or to the haphazard 
maimer in which the search for underground water ia frequently 
conducted. As regards the first cause, it cannot be too strongly 
stated that oxtreme caution is necossary in the choice of aitua- 
tions for wells, and that a sound geological knowledge of the 
country in which the attempt is to be made should precede any 
einlcing or boring for this purpose, otherwise much useless 
espouse may be incurred without a chance of saocese. Indeed, 
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the power of indicatiug tlioso pointa where wells may, in ftU] 
probability, be BucceBsfully eetablislied, is one of the 
pr&ctdcal applications of geology to the useful purpusea of life. 

Two caaea in point are before me as I write ; in the 
15,0002. has been spent in sinking a shaft and driving head' 
ings which yield but little water, fonnd abundantly at the same 
depth in a mine adjoining; and in the other a town would 
be, but for its surface wells, entirely without water, the water- 
works having been idle for weeks, and the siniers are feebly 
endeavouring to obtain water by deep sinkings, in a position 
whore its occurrence in any quantity ia physically imposaible. 
Ample supplies could he obtained in both these cases by shift* 
ing the situation a few hundred yards. 

The subject-mutter of the following pages is divided into 
chapters which tre&t of geological considerations, the new red 
sandstone, well sinking, well boring, the American tube well, 
well boring at great deptha, and examples of wells executed and 
of localities supplied reapectivoly, with tables and miscella- 
neous information. Each system with its adjuncts has been 
kept complete in itself, instead of separating the various tools 
and appliances into classes, the plan adopted in the most 
approved Pronch and Germaa technical works. This, however, 
when too rigidly adhered to, as is the case with Genoan worka 
in particular, renders it troublesome for even a practised engi- 
neer to grasp a strange system in its entirety, while the pupil is 
wearied and retarded in hia reading by an over-elaborate clEtssi- 
fication. 

It may, perhaps, bo remarked that undue prominence has 
been given to the tertiary and cretaceoua formationa, hut it is 
urged in extenuation that they happen to underlie two of the 
moat important cities in Europe, and that they have, in conse- 
quence, received a more thorough investigation than has been 
accorded to other districts. The records of wells in many for- 
mations are singularly scanty and unreliable, but it is hoped 
that the time is not far distant when the water-bearing oharao-' 
teristics of strata, such as the new red sandstone and permian,, 
will receive proper attention, and that correct official reoorde ot^ 



1-work will be found in ever; locality, as tliia alone can 

^ *BBcn6 an important branch of hydraulic engineering from the 
charge of empiricism. 

In the eourae of the work the wiitinga of G. R. Bnmell, C,E., 
Baldwin Latham, C.E., M. Dru, Emereon Bainbridge, C.E., 
G. C. GreenweU, and other well-known ftuthoritiea, have been 
frooly referred to, particular recourse having been had to the 
works of Professor Prestwich, F.G.S. 

I am indebted to Geo. G. Andre, C.E., F.G.S., Mesars. 8. 
Baker and Son, and Mosbtb. T. Docwm and Son, for many sug- 
gestions and much yoliiable information ; to Messrs. Docwra 
Bpeciol thanks are due for some of the important aections illus- 
trating chapter vii. 

Any claim to attention the book may deserve is based upon 
its being an attempt to embody, in a collected form, facts and 
information derived from practice, or from various sources not 
accessible to the majority of those engaged in the superinten- 
dence, or otherwise interested in the construction of wells. 

EENEST SPON. 



SINKING AND BORING WELLS. 



CHAPTER I. 



GEOLOGICAL CONSIDERATIONS. 

Neably every civil engineer ie familiar with the fact that 
certain porous soils, such oa sand or gravel, absorb water 
with rapidity, aad that the ground corapoeed of them sooa 
dries up after showere. If a well be sunk in each soils, we 
often penetrate to conaiderftblo depths before we meet with 
water ; bnt this is ueually found on our approaching soin^ 
lower part of the porous formation whore it rests on an 
irapoTTious bod ; for hero the water, unable to mako its way 
downwards in a direct line, accumulates as in a reservoir, and 
is ready to ooze out into any opening which may be made, 
in the same manner as we see the salt water filtrate into and 
fill any hollow which we dig in the sands of the shore at 
low tide. A spring, then, is tho lowest point or lip of an 
mtdergroimd reservoir of water in the stratification. A well, 
therefore, sunk in such strata will most probably furnish, 
besides the volume of the spring, an additional snpply of 

The transmission of water through a porous medium being so 
rapid, we may easily understand why springs are thrown ont 
on the side of a hill, where the upper set of strata consist 
of chalk, sand, and other permeable substances, whilst those 
lying beneath are composed of clny or other retentive soils. 
The only dif&cnlty, indeed, is to explain why the water does 
not ooze out everywhere along the line of junction of the two 
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formations, bo as to form one continnons laud-Book, iostood 
a few springs only, and these oftentimes far distant fi-om eft 
other. The principal cause of sncli a concentrutian of t 
waters at a few points is, first, the eziBtence of inequalities 
the upper surface of the impermeable stratmn, which lead t 
water, aB TollejB do on the external surface of h country, in 
certain low levels and channels ; and secondly, the frequency of. 
rente and fissures, which act as natural drains. That tlu 
genorolity of springs owe their supply to the atmosphere 
evident from this, that they vary in the different seasons of th» 
year, becoming languid or entirely ceasing to flow after long 
di'oaghts, and being again replenished after a continuance 
rain. Many of them are probably indebted for the 
and uniformity of their volmne to the great extent of th( 
subterranean reservoita with which they communicate, and tl 
time required for these to empty themselves by percolation. 
Such a gradual and regulated discharge is exhibited, though 
in a less perfect degree, in all great lakes, for these 
sensibly affected in their levels by a sudden shower, but are 
only slightly raised, and their channels of efflux, instead ot 
being swollen suddenly like the bed of a torrent, carry off the 
surplus water gradually. 

An Artesian well, so ctdled from the province of Artois, in 
France, is a shaft sunk or bored through impermeable strata, 
until a water-bearing stratum is tapped, when the water is 
forced upwards by the hydrostatic pressure due to the superior 
level at which the rain-water was received. 

Among the causes of the failure of Artesian wells, we may 
mention those numerous rents and faults which aboond 

B rocks, and the deep ravines and valleys by which many! 
countries are traversed ; for when these natural lines of drain- 
age exist, there remains only a small quontity of water 
escape by artificial issues. We are also liable to be baffled by 
the great thickness either of porous or impervious strata, or 
the dip of the beds, which may carry off the waters froi 
adjoining high lands to some trough in an opposite direction, 
ui when the borings are made at the foot of an escarpmt 




whore tho strata incliue mwarda, or in a direction opposite to 
the faoo of the clifis. 

Ab instaneefi of the way in which the character of the strata 
may influence the water-bearing capacity of any given locality, 
we give the following esamplea, taken from Baldwin Latham s 
papers on 'The Supply of Water to Towns.' Fig. 1 illustrates 




the causes which sometimes conduce to a limited supply of 
water in Artesian wells. Eain descending on the outcrop E F 
of the porous stratum A, which lies between tho impervious 
stratum B B, will make its appearance in tho form of a Eprisg 
at S ; but such spring will not yield any great quantity of water, 




as the area E F, which receives the rainfall, is limited in its 
extent. A well sunk at W, in a stratum of the above descrip- 
tion, would not be likely to furnish a large supply of water, if 
any. The effect of a fault is shown in Fig. 2. A spring will 
in all probability make its appearance at the point S, and give 
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Inr^n 'iiintilititm nf wntor, as the whole body of water flowing 
thTimifh thn [iiiniiiH ntrata A is iatcrcopted by being throwtt 
tgalnnt Iha iniiwrinDablo stratum B. Permeable rock 
\iy A ilyko ami uvurlying an impermeable stratum ia seen 
ViH- t). Tlin wittiir flowing tlirough A, if intersected by 





dyho I), will apjieor at S in tlio form of a spring, and if the 
Mitn »f A [» iif largo extent, tbou the spring S will be ygtj: 
ii'r)il(iiJH. An t<j tlie ilepth necoBsary to bore certain wells, iit' 
a caBO similar to Fig. 4, owing; 
to the fault, a well gnnk at J 
would require to be suni deopei) 
tlian the well B, although both 
woUs doriyo their supply &ora 
the same description of s 
If tliore is any incliaation in 
the water-bearing strata, i 
tlioro is ft utirrent of water only in ono direction, then ona 
of the wells would prove a failure owing to the proximity 
of the fault, while the other would furnish an abundant 
supply of water. 

It should be borne in mind that there ore two primarj; 

geological conditions upon which tho quantity of water thirfr 

may he supplied to the water-bearing strata depends ; they are, 

the extent of superficial area presented by these deposits, bj 

^ wMofa the quantity of rain-water received on their surface in 
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any given time is determiuod; taxi the character and tbickness 
of the Btrata, as by this tho proportion of water that caa be 
absorbed, and tho quantity which the whole Tolumo of tho 
permeable strata can transmit, is regnlated. The operation of 
those general principles will constantly vary in accordance with 
local phenomena, all of which mnst, in each separate case, be 
taken into consideration. 

The mere distance of hilLs oi mountains need not disconroge 
lis from making trials ; for the waters which fall on these higher 
lands readily penetrate to great depths through highly-inclined 
or vertical strata, or through the fissures of shattered rocks ; 
and after flowing for a great distance, must often reaecend and 
be brought up again by other fissures, ho as to approach the 
Bnrface in the lower country. Here they may be concealed 
beneath a covering of undisturbed horizontal beds, which it 
may be necessary to pierce in order to reach them. The course 
of water flowing underground is not strictly analogous to that 
of rivers on the sur^e, there being, in the one case, a constant 
descent from a higher to a lower level from the source of tho 
stream to the sea ; whereas, in the other, the water may at one 
time sink far below the level of the ocean, and afterwards rise 
again high above it. 

For the purposes under consideration, we may range the 
various strata of which the outer crust of the earth is composed 
under four heads, namely : 1, drift ; 2, alluvion ; 3, tho tertiary 
and secondary bods, composed of loose, arenaceous and perme- 
able strata, impervious, argillaceoTis and marly strata, and thick 
strata of compact rock, more or less broken np by fissures, as 
the Norwich red and coralline crag, the Molasse sandstones, 
the Bagshot sands, the London clay, and the Woolwich beds, in 
tho tertiary division ; and the chalk, chalk marl, ganlt, the 
greensands, the Wealden clay, and the Hastings sand; the 
oolites, tho lias, the Bhetic beds, and Koupor, and the new 
red sandstone, in the secondary dirision ; and i, the primary 
beds, as the maguesian limestone, the lower red sand, and 
the coal measures, which consist mainly of alternating I 
fiondstoucs and shales with coal. 
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Tho first of these divisionB, tho drift, conBisting mainly rf 
Band and grave), having been formed by the action of fiomnf 
water, is very irregular in thickness, and exists frequently in 
detached masses. This irregularity is due to the ineqnolitia 
of the surface at the period when the drift was brought done 
Hollows then easting would often bo filled up, while either 
none was deposited on level snrfaces, or, if deposited, wae snV 
sequentlj removed by denudation. Hence we cannot iufsi 
when boring through deposits of this character that the si 
or nearly the same, thickness will bo found at even a few y&rd^ 
distances. In valleys this deposit may osiBt to a great deptb, 
the slopes of hUls are frequently covered with drift, which htl 
either been arrested by tho elevated surface or broaght down 
&om the upper portions of that surface by the action of rain. 
In the former case the deposits will probably consist of gravel, 
and in the latter, of tho same elements as the hill itself. 

The permeability of such beds will, of course, c 
wholly upon the nature of the deposit. Some rocks prodnca 
deposits through which water percolates readily, while o 
allow a passage only through such fissures as may exist. Sut 
and gravel constitute an extremely absorbent medium, -wia 

argillaceous dojHJsit may be wholly impervious. In i 
tainous districts springs may often be foond in the drift ; theii 
existence in snch formations will, however, depend ttpon the 
position and character of the rock strata; thns, if the drift covai 
1 elevated and extensive slope of a nature similar to tiai 
of the rocks by which it is formed, springs due to infiltratioa 
through this covering will certainly exist near the foot of the 
slope. Upon the opposite slope, tho small spaces which exist 
between the different beds of rock receive these infiltrationa 
directly, and serve to completely drain the deposit which, in tha 
former case, is, on the contrary, saturated with water. If, how- 
ever, tha foliations or the jointB of the rocks afford no issue to 
the water, whether such a circumBtancc bo due to the character 

^K of their formation, or to the stopping up of the issuMi by the 

^B drift itself, those results will not be produceil. 
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^K diift Uie wBter descending from the top of hill elopes re- 
^Bpears at their foot in the form of springs. If now we snp- 
^Bae these isanes stopped, or covered hf au impervlons Btratum 
^B great thickneaa, and this stratum pierced bj a boring, the 
^■tter will ascend through this new outlet to it level above that 
KF its original issue, in vii'tue of the head of wator measured 
^BDm the points at which the infiltration takes place to the 
^nmt in which it is struck by the boring. 

^B Alluvion, like drift, consists of fragments of vsrione Btrata 
Hf^ied away and deposited by flowing water ; it differs from the 
^htter only in being more extensive and regular, and, generally, 
pm being composed of elements brought from a great distance, 
and having no analogy with the strata with which it is in 
contact. Usually it consists of sand, gravel, rolled pebbles, 
marls or clays. The older deposits often occupy very elevated 
districts, which they overlie throughout a large extent of 
Bnr&ce. At the period when the large rivers were formed, the 
valleys were filled up with alluvial deposits, which at the 
present day are covered by vegetable soil, and a rich growth of 
plants, through which the water percolates more slowly than 
formerly. The permeability of these deposits allows the water 
to flow away snbterraneously to a great diatenee from the points 
at which it enters. Springs are common in the alluvion, and 
more frequently than ia the case of drift, they can be found by 
boring. Aa the surface, which is covered by the deposit, is 
extensive, the water circulates from a distance through penne- 
able strata often overlaid by others that are impervious. If at 
fi considerable distance from the points of infiltration, and at a 
lower level, a boring be put down, the water will ascend in the 
bore-hole in virtue of its tendency to place itself in equilibrium. 
Where the country is open and uninhabited, the wator from 
shallow wells sunk in alluvion is generally found to bo good 
enough and in sufficient quantity for domestic purposes. 

The strata of the tertiary and secondary beda, especially the 
latter, arc far more extensive than the preceding, and yield much 
larger quantities of water. The chalk is the great water-bearing 
1 for the larger portion of the south of England. The 
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water in it can be obtained either by means of ordinary s 
i)r by Artesian ivclls bored sometimes to great deptlis, i 
which the water will frequently rise to the surfnce. It ehonld 
bo observed that water doea not circulate through the chalklg^ 
general permeation of the luasB, but through fissures, 
given by some for the level at which water may be fonnd in thi 
stratum is, " Take the level of the highest source of supply, u 
that of the lowest to be found. The mean level will be the depth 
at which water will be found at any intermediate point, af 
allowing an inclination of at least 10 feet a mile." This ri 
will also apply to the greensand. This formation contains larg 
quantities of water, which is more evenly distributed than i 
the chalk. The gault clay is interposed between the upper an 
the lower greensand, the latter of which also furnishes gool 
supplies. In boring into the upper greensand, cautiou ehonld 
be observed so as not to pierce the gault clay, becaose v 
which permeates through that system becomes either fermginoa^ 
or contaminated by salts and othor impurities. 

Tho next strata in which water is found are the upper a 
inferior oolites, between which are the Kimmeridgo and Oxfni 
clays, which are separated hy the coral rag. There are instanea 
in which the Oxford clay is met with immediately below t 
Kimmeridge, rendering any attempt at boring useless, becansi 
the water in the Oxford clay is generally so impure as to be a 
for use. And with regard to finding water in the oolitic lime! 
stnue, it is impossible to determine with any amount of precifiioii 
the depth at which it may be reached, owing to the i 
faults which occur in the formation. It will therefore be n 
flary to employ the greatest care before proceeding vrith t 
borings. Lower down in the order are the upper lias, the marl 
stone, the lower lias, and the new red sandstone. In the marl 
stone, between the upper and lower beds of the lias, there may i 
be found a large supply of water, but the level of this is as a 
rule too low to rise to the surface through a boring. It will be 
necessary to sink shafts in tho ordinary way to reach it, 
the new red sandstone, also, to find the water, borings must 1 
made to a considerable depth, bat when this formatioa e 
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Bopioua supply may be confideatly anticipated, and when 

md the water is of excellent quality. 
■Every permeable stratum may yield water, and its ability to 
f this, and the quantity it can yield, depend upon ita poeition 

~1 extent. When underlaid by an impervious stratum, it 

istitutes a reservoir of water from which a supply may be 
n by means of a sinking or a hore-hole. If the permeable 
tatum be also overlaid by an impervious stratum, the water 

1 he under proEsure and n-ill ascend the bore-hole to a height 

t will depend on the height of the points of infiltration 
kove tho bottom of the bore-hole. The quantity to be obtained 
k Bitch a case as wo have already pointed out, will dopead upon 

p extent of snrface possessed by the outcrop of the permeable 
ntum. In searching for water under such conditions a careful 
Kmination of the geological features of the district must be 
made. Frequently an extended view of the surfaco of the dis- 
trict, such as may be obtained from an eminence, and a coa- 
eideratioit of the particular configuration of that surface, will 
be sufficient to enable tho practical eye to discover the various 
routes which are followed by the subterranean water, and to 
predicate with some degree of certainty that at a given jraint 
water will be found in abundance, or that no water at all exists 
at that point. To do this, it is sufficient to note the dip and 
tho surfaces of the strata which are exposed to the rains. When 
these strata are nearly horizontal, water can penetrate them 
only through their fissures or pores ; when, on tho contrary, 
they lie at right angles, they absorb the larger portion of the 
water that fulls upon their outcrop. When such strata are 
intercepted by valleys, numerous springs will exist. But if, 
instead of boing intercepted, the strata rise around a common 
point, they form a kind of irregular basin, in the centre of which 
the water will accumulate. In this case the surface springs 
will he less numerous than when the strata are brolten. But it 
is possible to obtain water under pressure in the lower portions 
of the basin, if the point at which tho trial is made is situate 
below the outcrop. 

The primary rocks afford generally but little water. Having 
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been Bubjoctcd to violent coavulsions, tiiey are thrown inU 
every possiblo poeition and broken bj numerooB fissm-es 
as no pormeablo stratum ie interposed, as in the more i 
formations, no rosorvoir of water exists. In the imstTatified 
rocks, the water circulates in all directions throngh the 
that traverse them, and thns occupies no fixed level. B 
imjioBaibleto discover by a surface examination where thai 
may be struck by a boring. For purposes of water 
therefore, these rocks are of little importance. It mngl 
remarked here, however, that large quantities of water are fa- 
quentlf met with in the magnesian limestone and the loi 
red sand, which form the upper portion of the primary- 
Joseph Prestwich, juu., in his ' Geological Inquiry 
the Water-bearing Strata round London,' gives the ft 
valuable epitome of the geological conditions affecting 
of water-hearing deposits ; and although the illustrations 
confined to the Tertiary deposits, the same mode of inqniijl 
will apply with but little modification to any other formation. 

The main points are — 

The extent of the superficial area occupied by the wate^ 
bearing deposit. 

The lithological character and thickness of the water-bearing 
deposit, and the extent of its underground range. 

The position of the outcrop of the deposit, whether in valleys 
or hiUs, and whether its outcrop is denuded, or covered witt 
itay description of drift. 

The general elevation of the country occupied by this outcrop 
above the levels of the district in which it is proposed to sink 
veils. 

The quantity of rain which falls in the district under eon- ' 
sidei'atiou, and whether, in addition, it receives any portion of 
the drainage from adjoining tracts, when the strata are imper- 
mooble. 

The disturbanoos which may aficot the water-bearing strata, 
and break their continuous character, as by this the Bubterrauean I 
flow of water would be impeded or prevented, I 
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EXTKNT OF SUPBEFICIAL A BE A. 

I To proceed to the application of the questions in the particular 
mce of the lower tertittry strata. With regard to the first 
t ia evident that a Beries of pcnueable strata encased 
CO impormeahle forntations can leceive a supply of 
pater at those points only whore they crop out and are expired 
1 the surface of the land. The primary conditions affecting 
e result depend npon tho fall of rain in the district where tho 
tcrop takes place ; the quantity of rain-water which any 
9 strata can gather being iu the same ratio as their 
ipective areas. If the mean annual fall in any district 
lonntB to 24: inches, thou each square mile will receive 
Iftily average of 950,947 gallons of rain-water. It is therfr- 
a a matter of eesential importance to aecertain, with as 
leh accuracy as possible, the extent of exposed surface of any 
r-bearing deposit, so as to determine the maximum quantity 
J rain-water it ia capable of receiving, 

I Tho surface formed by the outcropping of any deposit in a 
tntry of hill and valley is necessarily extremely limited, and 
Rwould be difficult to measure in tho ordinary way. Prestwich 
' cefore used another method, which seems to give results sufS- 
Intly accurate for the purpose. It is a plan borrowed trom 
sographers, that of cutting out from a map on paper of uniform 
thictnesa and on a Urge scale, say one inch to the mile, and 
weighing the superficial area of each deposit. Knowing tho 
weight of a aquai'e of 100 nules cut out of the same paper, it is 
easy to estimate roughly the area in square miles of any other 
surface, whatever may be its figure. 



Mineral Ckabaotbb op the Foemation, 

The second question relates to the miucral charsicter of the 
formation, and the effect it will have upon tho quantity of water 
which it may hold or transmit. 

If the strata consist of sand, water will pass through them 
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with fncility, Bud thoy will also hold a conBiderable quantity 
betweon the interstic«B of their componeat grain B ; whereas I 
bed of pure clay will not allow of the passage of water. These 
are tho two oitremes of the ease ; the intennixturo of these 
matorialH iu the aaino bed will of conrso, according to their le- 
Intive proportions, modify tho transmiBsion of water. Prestwioh 
fonnd by experiment that a silicious sand of ordinary character 
will hold on an average rather more than one-third of its bnlk 
of water, or &om two to two and a half gallons in one cnbio 
foot, Iu strata so composed the water may be termed &ee, as it 
poBBce easily in all directions, and under the pressnro of a 
oolmnn of water is comparatively but little impeded by capiUaiy 
nttraotion. These are the conditions of o true permeable 
stratum. Where the strata are mors 
compact and solid, as in sandstone, lime- 
stone, and oolite, although all such roob 
imbibe more or less water, yet the water 
BO absorbed does not pass freely throngb 
tho moss, but is held ia the pores of the 
rock by capUIory attraction, and parted 
with very slowly ; so that in such dft- 
positswatercanbe freely transmitted onlj 
in the planes of bedding and in fissures. 
If the water-bearing deposit is of uni- 
fipim lithologicol character over a large 
via, then the proposition is reduced to 
■ !.- i^impleBt form; but when, as in tho 
iluposit between the London clay and 
the chalh, the strata coDsist of vari- 
able mineral ingredients, it becomes 
essential to cBtimate the extent of theso 
variations ; for very different conclu- 
sions might be drawn from an inspec- 
" ^""Zy'^i nm!^' '"■' tion of the Lower Tertiary strata at 
Fig, s, different localities. 

In the fine section exposed iu the olifik between Heme Bay 
and the Beculveie, in England, a considerable mass of foseili- 
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■ Bauds is seen, to rise &oiu beneatli tlie London clay. 

5 represents a view of a portion of this cliff a mile 
a half east of Heme Bay and continued downwards, by 
ifttion below the surface of the ground to tbe clmllr. In this 
on there is evidently a very large proportion of sand, and 
squently a large capacity for water. Again, at Upnor, near 
leBter, the sands marked 3 are as mui.h _____________ 

D to 80 feet thick, and continue so ^^^i^^^^ 

iravesend, Purfleet, and Enth In * 

iret of these places they may bo seen 

iug Windmill HiU ; m the socond ' 

ing the hill, now removed en which 

ighthouse is built; and in the third, 

le large ballast pits on the banks of 

iver Thames. The 

ese sands in this district may be about 

I 60 feet. In their range from east to 

the beds 2 become more clayey and 
permeable, and 1, very thin. Aa we 
jQch London tbe thickness of 3 also 

lishes. In tbe ballast pita at the west end of Woolwiohj^ 
sand bed is not more than 35 feet thick, and as it pasaet- 
r London becomes still thinner, 
g. 6 is a goneral 

Lon stands. The increase in the pro- 
□n of tbe argillaceous strata, and the 
tase of tbe beds of sand, in the Lower 
laiy strata is hero very apparent, and 
tthis point westward to Hungerford, 

tecidodly predominate ; while at the 
3 presents such rapid 
j, even on the same level and at 
, that no two sectiona are 

I On tbe Bontbern boundary of the "'■" '■ 

f district, from Croydon to Leatherbead, the sands 3 
I a thickness of 20 to 40 feet, whilst tbe associated 
f day are of inferior importance. We will take anothw 



Fig. 6. 



e section of the strata on which 




I 



I 



14 OEOLOGICAI. ODiramEBATIONS. 

Bdction, Fig. 7, repieaentiDg tho uBual featni'cs of the depodt a 
the Dorthom port of the Tertiary district. It is front & en 
at a brickfield west of the small TiUage of Hodgerley, 6 i 
northward of Windsor. 

Here we see a large development of the mottled clays, 
bat little sand. A soinewhat eimilar section is exhibited •! 

Oak End, near Chalfont St. Giles. But U 

show how rapidly thie seriee chajiges 
character, the eection of a pit only a fiiiil 
of a mile weBtward of tho one at Hedgerlt^ 
J^m&M(Mji]) is gi'S" in fig- 8- 
JBpiijii^jp ^q^ la thie latter Bection the mottled cU;i 

r* T * j ' j ' 1 >t;'-r^ have nearly disappeared, and are replaeei 
Fig. s. t>7 '^'^B of sand with tbin seams of mottled 

clays. At Twyford, near Beading, and it 
Old Basing, near Basingstoke, the mottled claye again occnpy, 
as at Hcdgerley, nearly the whole space between the London 
clays and the chalk. Kear Beading a good section of 
beds was exhibited in tho Sonning cutting of the Qroat Weetein 
Bailway ; they consisted chiefly of mottled clays. At the Kst>- 
grove pits, Beading, the beds are more sandy, Eeferring bad 
to Fig, 6, it may be noticed that there is generally a 
quantity of water found in the bed marked 1, in parts of thi 
neighbourhood of Loudon. Owing, however, to the constant 
presence of green and ferruginona sands, traces of vcgetabh 
matters and remains of fossil shells, the water is usuallj indif- 
ferent and chalybeate. The well-diggers term this a, slow 
spring. They well espress the difference by saying that the 
water creeps up from this stratum, whereas that it bursts np 
from the lower sands 3, which is the great water-bearing 
Btratnm. In the irregular sand beds interstratified with th6 
mottled clays between these two strata water is also fouiuL 
but not in any large qnantity. 

Fig. 9 is a section at the western extremity of tho Teirtiaiy 
district at Pebble Hill, near Hnngerford. Here again ths 
mottled clays are in considerable force, sands forming the 
smaller part of the series. 



^ 
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Tbo following lists exliibit the ftggregato thickness of all ttie 
beds of sand oouurring between the London clay and the chalk 
at TBrioua locnlities in the Tertiary district. 
It will appear fram them that the mean re- 
sults of the whole is very different from any 
of those obtained in separate divisions of 
the country. The mean thickness of the 
deposit throughout the whole Tertiary area 
may be taken at 62 feet, of which 36 feet 
consist of eanda and 26 feet of clays ; but 
as only a portion of this district contributes 
to the water supply of London, it will facilitate oitr inquiry if 
we divide it into two jMwts, the one westward of and including 
liondon, and tbo other eastward of it, introducing also some 
further subdivisions into each. 

Mbastrkmbnt or Skotions Eabtwakb op London. 






Saod. Cla; . 


NorUicni BoDDdsry. 


Suid. 


Civ. 


Lawisham 

Woolwich 

Upnor 

HeineBaj 


n. 1 ft. 

65 ', 26 

66 18 
80? 8 
70? 50 


Hettfori 

Beanmont Green, nearl 
Hoddesdon / 

Geating;thorpe, near Sud-1 

bnry J 

TTliittoa, near Ipawich.. 

AveragB 


26 
16 
28 
50? 
60? 


3 

10 
2 
? 
5 


^""•" 


36 


5 



The mean of the three columns in two western sections gives 
a thickness to this formation of 57 feet, of which only 19 feet 
are saud and permeable to water, and the remaining 38 feet 
consist of impermeable clays, affording no supply of water. 

The area, both at the surface and undergiomid, over which 
they extend is about 1086 square miles. 
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The average total thicknoss of the eastern district dednoed 
from the uiae Bections we have taken gives 68 feet, of which 
•53 feet are sands and 15 feet chtye. The larger area, 1849 
square miles, over which the eastern portion of the Tertiary 
series extends, and the greater volunie of the water-bearing 
beds, conatitnte important differences in favour of this district ; 
and if there had been no geological disturbances to interfere 
■with the continnunK character of the strata, we might have 
looked to this quarter for a large supply of water to the 
Artesian wells of London. 

From these tables it will be readily perceived that the strata 
of which the water-bearing deposits are composed are very 
variable in their relative thickness. They consist, in fact, of 
alternating beds of clay and sand, in proportions constantly 
changing. In one place, as at Hedgerley, the aggregate beds 
of sand may be 5 feet thick, and the clays 45 feet ; whilst at 
another, as at Leatherhead, the sands may be 35, and the clays 
20 feet thick, and some such variation is observable in every 
locality. £nt although we may thus in some measure jndge of 
the capacity of these beds for water, this method fails to show 
whether the communication icanx one part of the area to another 
is free, or impeded by causes connected with mineral character. 
Now as wo know that these beds not only vary in their thick- 
ness, but that they also frequently thin out, and sometimes pass 
one into another, it may happen that a very large development 
of clay at any one place may altogether stop the transit of the 
water in that locality. Thus in Fig. 10 the beds of sand at y 
nllow of the &eo passage of water, bnt at te, 
where clays occupy the whole thickness, it 
cannot pass ; the obstruction which this 

cause may offer to the underground flow of _ 

water can only be determined by experience. ^^^|^^^ 
It must not, however, be supposed that such *^^|^fc^:jp^r^ 
a variation in the strata is permanent or '^ f '''^ j^j^jj^ 
general along any given Une. It is always ^ ^^ 

local, some of the beds of clay commonly 
tbiuniDg out after a certain horizontal rojige, so that, although 
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the water may be impeded or retarded in a direct oourse, it mo 
probably can, in part or altogether, pass round by some pot 
where the strata have not nndergoae the same alteration. 

Position ahd General Conditioks or the OnToaop. 

This involyeB some conaideratione to which an exact toIi 
cannot at present be given, yet which require notice, aa they 
a great extent determine the proportion of water which can pa 
from the enrfaco into the mass of the water-bearing strata. 1 
the flrat place, when the outcrop of these strata oconis in 
valley, as represented in Fig. 11, it is evident that b may n 



only retain all the water which might fall on 
also would recciye a proportion of that draining off from ti 
strata of a and c. This form of the sm-faw generally preTnil 
wherever the water-bearing strata are eofter and leaa t 
than the strata above and below them. 

It may be obsened in the Lower Tertiary serieB at Sntta 
Carshalton, and Croydon, where a small and shallow i 
eicavated in those sonda and mottled clays, ranges parallel wi 
the chalk hills. 

It is apparent again between Epsom and Leatherhead, U 
also in some places between Guildford and Farnham, as well) 
between Odiham and KingBclcre. The Southampton Bailni 
crosses this small valley on an embankment at Old Basing. 

This may bo considered aa tho proTailing, bnt not excluaiv 
form of Btructure &om Croydon to near Huagerford. Th 
advantage, howevor, to bo gained from it in point of i 
supply is much limited by the rather high angle at which tb 
strata are inclined, as well as by their small development 
which greatly restrict tho breadth of the surface occupied \ 
the outcrop. It raroly exceeds a (Quarter of a mile, and : 



[rgenerftllj very much less, often not more than 100 to 200 feet. 
The nest modification of outcrop, repreaented in Fig. 12, is one 



OONBIDEllATIONS. 




a the south aide of the Tertiary district, Thu 
strata b here crop out on the slope of the chaUc hills, and the 
rain falling upon them, iinleas rapidly absorbed, tends to drain 
at once from their surface into the adjacent valleys. V, L, 
shows the line of valley level. 

This arrangement is not nnfreqaont betweoa Eingsclore and 
Inkpen, and also between Guildford and Leatherhead. East- 
ward of London it is exhibited on a larger scale at the base of 
the chalk hills, in places between Chatham and Favoraham, a 
line along which the sands of the Lower Tertiary strata, b, are 
more fully developed than elsewhere. As, however, the surface 
of & is there osuallj more coincident with the valley level, V, L, 
of the district, it is in a better position for retaining more of 
the rainfall. 

A third position of outcrop, much more unfavourable for the 
water-bearing strata, prevails generally along the greater part 
of the northern boundary of the Tertiary etrata. Instead of 
forming a valley, or ontciopping at the base of tho chalk hills, 
almost the whole length of this outerop lies on the slope of the 
bills, ae in Fig. 13, where the chalk c forms tho base of the hill 



and the lower ground at its foot, whilst the Iiondonclay,a, caps 
the summit, thos restricting the outcrop of'b to a very narrow 
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aone and a aloping Hurface, Tbia form of stnictiire is exhiyW 
in tho lulls ronnd Sonning, Reading, Hedgerley, Rickmanswortli, 
»nd Watford; thonce by Slienley Hill, Hatfield, Hertford, 8ni- 
bury; and also at Hadleigh this position of outcrop is continwi 
If, as on the southern aide of the Tertiary district, the ontcwf 
were continued in a nearly unbroken line, then tboBe nn&TOiD- 
able conditions would prevail uninterruptedly ; but the hill a m 
in broken groups, and intersected at short distaQccs by ti 
Terse valleys, as that of the Kennet at Beading, of the Loddoo 
at Twjford, of tho Colne at Usbridge, and so on. Beti 
Watford and Hatfield there is a constant snccesBion of si 
valleys running back for short diatoncea from the Lower die 
of the chalk, through tho hills of the Tertiary district. 
Valley of the Lea at Eoydon and Hoddeadon is a stmilu 
and Btronger case in point. The efi'ect of these transvfflw 
valleys is to open out a larger surface of the strata I 
i^ould otherwise he esposod, for if the horizontal line, V, t 
Fig. 13, were carried back beyond tho point cc, to meet the pw 
longation of b, then these Lower Tertiary strata would not only 
bo intersected by the lino of valley level, but would form ■ 
much smaller angle with the plane Y, L, and therefore epni 
over a larger area than where they crop out on tho side of fltf 
hills. 

The foregoing arc the throe most general forms of otitoni;t 
but occasionally the outcrop takes place wholly or portly M 
the summit of a hill, as, near tho Kcculvers in tho ueigll1)0II^ 
hood of Canterbury, of Sittingbourno, and at the Addin 
Hills, near Croydon, in which cases the area of the Low* 
Tertiary is expanded. When the dip is very slight, and tiie 
beds nearly horizontal, the Lower Tertiary sands occasionally 
spread over a still larger eitent of surface, as between Btob 
Fogis, Burnham Common, and I!eaconsfield, and in the case ol 
the flat-topped hill, forming Blackheath and Besloy Heath, U 
in Fig. 14. Favourable as such districts might at first appw 
to be &om the extent of their exposed surface, oeTerthdeA 
they rarely oontribnte to the water supply of the wellfl e 



I the Lower Tertiary snnds nndor London, the continuity 
I the strata being broken by intoreecting valloya ; thus the 



Istrict last Dientiuned is bounded on the north by the valley of 

s Thames, on the weet by that of Eavcnebonmej and on the 
east by the valley of the Cray; consec^uently tho rain-water, 
TOhich has been absorbed by the very permeable strata oa the 
intarmediate higher ground, paeses out oa the sides of the bills, 
into the surface channels in the valleys, or into the chalk. 
Almost all the wells at Bexley H<!ath, foi their supply of water, 
have, in fact, to be sunk into the chalk thniagh the overlying 
100 to 133 feet of sand and pebble beds, h. 

ThuB far we have considered this question, aa if, in each 
ingtance, the ontcroppiug edges of the water-bearing strata, h, 
were laid bare, and presented no impediment to the abBorption 
of the rain-water falling immediately upon their surface, or 
passing on to it &om some more impermeable deposits. But 
there is another considei'ation wMch infineaces materially the 
extent of the water supply. 

If the strata b were always bare, we should have to consider 
their outcrop aa an absorbent surface, of power varying accord- 
ing to the lithological character and dip of tho strata only. 
But the outcropping edges of the strata do not commonly present 
baie aad denuded sarfaccs. Thus a largo extent of the country 
round London is more or less covered by beds of drift, which 
protect the outcropping beds of b, and turn off a portion of the 
water fiiUing upon them. 

The drift differs considerably in its power of interference 
with the passage of the rain-water into the strata beneath. 
The ochreoas sandy fiint gravel, forming so generally the 
subsoil of London, admits of the passage of water. All the 
shallow surface springs, from 10 to 20 feet deep, are prodaced 
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lvpL a, London ^^±J. 



hy wftter wUch Itae fallen on, ami pflwed througli, this 
Fig. 15, down to the top of the LoDdoD claj, o, on i 
irregular sor&ce of which it is held 

When the London clay 
Hiis grayel lies immediately apon ftel 
Lower Tertiary strata, as in the vaUejl 
between Windsor and Maidtaihead, sni 
in that of the Konnet between Sewhurj 
and Thatcham, transmitting to them*] 
derlying etrata part of the surface wattJ. 
Where beds of brick earth occur in the drift, as between Wm* 
Drayton and TTibridgo, the pass^e of the surface water into '&» 
underlying strata IB intercepted. 

Somotinica the drifl is composed of gravel mixed very ine- 
gnlarly with broken-up London clay, and although commonlj 
not more than 3 to 8 feet thick, it is generally impermeable. 
Over a considerable portion of Suffolk and part of Eaeei^ 
drift, composed of coarse and usually light-coloured sand witt 
fine gravel, occurs. Water percolates through it with extrema 
fiteility, but it is generally covered by a thick mass of 
tenacious bluish-grey clay, perfectly impervious. This ch^ 
drift, or boulder clay, caps, to a depth' of &om 10 to 60 faet 
or more, ttlmost all the hills in the northern division of 
and a large portion of Suffolk and Norfolk. It 
tho underlying strata that it is difficult to trace the course of 
the outcrop of the Lower Tertiary sanda between Ware and 
Ipswich ; and often, as in Fig. 16, notwithstanding the breadth, 



apart from this cause of the outcrop of the Tertiary sands, b, 

and of the drift of sand and gravel, 2, they are both m 

by the boulder clay, 1, that the small surface ezposod can be (rf 

I comparatively little value. 

There are also, in some valleys, river deposits of silt. 
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.d gravel. These are, however, of little importiince to the 
bjoct hefore us. Under ordinary conditionB they are gene- 
llj tiufficieutly imperTions^ to prevent the water from passing 
rough the beds beneath. 



Height of WArBa-BBAEmo Strata asovb Scbface or 

CoDNTBT. 

The height of the districts, wheroin tho water-hearing strata 
irnp out, above that of the surface of the country in which the 
fells are placed, should he made tho subject of careful con- 
jderation, as upon this point depends tho level to which the 
»ter in Artesian wells may oseend. 
Again, taking tho London district as an example, Prestwieh 
marks that, as the country rises on both sides of tho Tham^ 
a the edge of the chalk escarpments, and as the outcrop of tho 
lower Tertiary strata is intermediate between these escarp- 
nenta and the Thames, it follows that the outcrop of these 
ower beds must, in all cases, he on a higher level than the 
Phames itself, where it flows through tie centre of the Tertiaiy 
listrict. Its altitude is, of course, very variable, as shown in 
he following list of its approximate height above Trinity high 
vatcr-mark at London. These heights aro taken where the 
Dertiaries are at their lowest level in the several localities 
uentioned. 



BuQlh or LoodoJi. 



Croydon about 130 feet 

Leatherbeod „ 30 „ 
Guiidfoid „ 06 „ 

Old BoBiDg „ 2S0 „ 

Near Hmifjerford „ 3U0 ., 



Tiiptford 
Watford 
Slough 
Kea<ling 
Newbury 



Eastward of London these strata crop out at a gradually 
lecreasiag level. In eonscquenco, therefore, of the outcrop of 
he water-hearing strata being thus much above the surface of 
ihe central Tertiary district bordering the Thames, the water 
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in tlieee strata beaeatli London tended originally to rise abvre 
that Burfaoe. 

Aa, however, tlieae beds crop ont on a level with the Thamet 
immediately east of the city between Doptford, Blackwall, and 
Bow, the water, having this natural issue bo near, could neyei 
have lieeB in London mnoh above the level of the river. 



RAIHFilili 



4 THE DiSTBtOT VHBDE THB WATEB-SKARUffl 

Stbata Caop OUT. 



When inquiring into the probable relative valne of anyww 
bearing Btrata, it is neceBBory to compare the rainfall in ti 
respective districtH. 

Eftin is of all meteorological phenomena the most capricia 
both as regards its frequency and the amount which fidls ii 
given time. In some places it rarely or never falls, vrhilst 
others it raioR almost every day; and there does not yet e 
any theory from which a probable eetimato of the rainfall in 
given district con bo deduced independently of direct obsen 
tion. But although dealing with one of the most capricions 
the elements, wo ueverthelosa find a workable average in j 
quantity of rain to be expected in any pai'ticulap place, 
carefol and continued observations are made with the i 
gauge. G, J. Symons, the meteorolt^st, to whose continn 
investigations we aro indebted for our most reliable data up 
the subject of rainfall, gives the following practical instrnotio 
for using a rain-gauge ; — 

" The mouth of the gauge must be set quite level, and so fix 
that it will remain so ; it should never be less than 6 iocb 
above the ground, Bor more thou 1 foot except when a |_ 
elevation is absolutely necessary to obtain a proper exposure. 

" It must bo set on a level piece of ground, at a distance fa 
shrubs, trees, walls, and buildings, at the very least as ma; 
feet from their base as they are in height. 

" If a thoroughly clear site cannot be obtained, shelter is mi 
endurable from N.W., N., and E., less so from S., S.E., and 1 
Knd not at all from S.W. or N.E. 
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" Special pioliibition must ieeuQ as to keeping all toU-growiDg 
tJowers away from the gauges. 

"In order to prevent met, it will be desirable to give the 
japanned gauges a coat of paiiit every two or three yuara. 

" The gauge should, if poBBihle, be emptied daily at 9 a.m., 
and the amount entered against the previous day. 

" When making an observation, care should be taken to hold 
the glass upright. 

" It can hardly be necessary to give here a treatise on decimal 
arithmetic; suffice it therefore to say that rain-gauge glflssee 
usually hold half an inch of rain (0 ■ 50) and that each tJj (0- 01) 
18 marked ; if the fall is less than half an inch, the number of 
hundredths is read off at once, if it is over half an inch, the 
glass muBt be filled np to the half inch (0 ■ 50), and the remainder 
(BByO-22}mea8nred afterwards, the total (0-50 + 0-22) = 0-72 
being entered. If leBS than ^ (O'lO) has fallen, the cipher 
must always bo prefixed ; thus if the measure is full up to the 
seventh lino, it must be entered as 0'07, that is, no inches, no 
tenths, and seven hundredths. For the sake of clearness it has 
been fonnd necessary to lay down an invariable rule that there 
Bhall always be two figures to the right of the decimal point. If 
there be only one liguro, as in the case of one-tenth of an inch, 
usually written 0' 1, a cipher must be added, making it O'lO. 
Neglect of this rule causes much inconvenience. 

" In snow three methods may be adopted — it is well to try 
thorn all. 1. Molt what is caught in the funnel, and measure 
that as rain. 2. Select a place where the snow has not drifted, 
invert the funnel, and turning it round, lift and melt what is 
enclosed. 3. Measure with a rule the average depth of snow, 
»nd take one-twelfth as the equivalent of water. Some observers 
nae in snowy weather a cylinder of the same diameter as the 
rain-gaugo, and of considerable depth. If the wind is at all 
rough, all the snow is blown out of a flat-funnelled rain-gauge." 

A drainage area is almost always a district of country 
enclosed by a ridge or watershed line, continuous except at the 
place where the waters of the baein find an outlet. It may be, 
and generally is, divided by branch ridgo-lines into a number of 
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lines 



r bsBins, each drained by its ows etream into the 
. la order to measure the area of & catchment basin 
f tho conntry is required, which either shows the ridge- 
or gives data for finding their positions by means of 
detached leveb, or of contour 

When a catchment basin ia very estensive it is odviBable ts 
measure the smaller basins of which it consists, as tho depths i^ 
rainfall in them may be different ; and sometimes, alBo, for tbe 
same reason, to divide those basins into portions at difC^ent 
distances from the mountain chains, where rain-olonds U6 
chiefly formed. 

The exceptional cases, in which the boundary of a draiusgo 
ires is not a ridge-line on the surface of the cotintry, are those 
in which the rain-water sinks into a porous stratum until ita 
B stopped by an impervious stratum, and in which, coin 
se^uently, one boundary at least of the drainage area depends oA 
tho figure of the impervious stratum, being, in fact, a ridge-lini 
e upper surface of that stratum, instead of on the gronu^ 
and very often marking the upper edge of the outcrop of 
stratum. If the porous stratum is partly covered hy a Beoonj 
impervious stratum, the nearest ridge-line on the latter stratan 
to the point where the porous stratum crops out will be anotht 
boundary of the drainage area. In order to determine a draisag 
area under these circumstances it is necessary to have a ge( 
logical map and sections of the district. 

The depth of rainfall in a given time varies to a great extent ~ 
at different seasons, in different years, and in different plaoea. 
Tho extreme limits of annual depth of rainfall in different parts 
of tlie world may be held to be respectively nothing and 150 
inches. Tho average annual depth of rainfall in different parti 
of Britain ranges from 22 inches to 140 inches, and tbe least 
annual depth recorded in Britain is about IG inches. 

The rainfall in different ports of a given, country is, 
general, greatest in those districts which lie towards the qnarta 
from which tho prevoiling winds blow; in Great Britain, foi 
instance, tbo western districts have the most rain. Upon i \ 
given mountain ridge, however, tbo 



I the case, thai 
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Kereateat rainfall takiug placo os that side which lies to leewaid, 
HkB regards the prevailing winds. To the some cause ma; be 
^■Bcribed the fact that the rainfall is greater ia tnonutoinonB 
^Aan in flat districts, and greater at points neat high mountain 
^Buunute than at points farther from them ; and the dilferenee 
^Kie to elevation is often greater by far than that due to 100 
^Kiles geographical distauee. 

^H The most important data respecting the depth of rainfidl in ft 
^Kven district, for practical purposes, ore, the least annual rain- 
^Bill ; mean annual rainfall ; greatest annual rainfall ; distribu- 
^Hon of the rainfall at different Beasons, and especially, the 
^Kogest continuous drought; greatest flood rainfall, or continuous 
^KU of rain in a short period. 

^B The available rainfall of a district is that part of the total 
^Hunfall which remains to be stored in reservoirs, or carried 
^Btray by streams, after deducting the loss through evaporation, 
^■trough permanent absorption by plants and by the ground, and 

^B The proportion borne by the available to the total rainfall 
^■udes very much, being aSected by the rapidity of the rainfall 
^Kd the compactness or porosity of the soil, the steepness or 
^Hktnese of the ground, the nature and quantity of the vegetation 
^Hpon it, the temperature and moisture of the air, which will 
^Blbct the rate of evaporation, the ezistence of artificial drains, 
^Bd other circumstances. The following ate examples : 

^F TnlarRainfaU. 

^^ Steep fiutfaeefl of gtanite, gneisfl, and elate, nearly 1 

Moorland aad hilly pasture Irom ' 8 to ' 6 

Flat cultivated country fiom S to t 

Chalk 

Oeep-seated springs and wells give from '3 to '4 of the total 
rainfall. Stephensoa found that for the chalk district round 
Watford the evaporation was about 34 per cent., the quantity 
carried off by streams 23 '2 per cent, leaving 42 "8 per cent,, 
which sank beloiv the surface to form springs. In formations 
less absorbent than the chalk it can be calculated tonghly, that 



' Btreftms carry off one-third, that another third evaporates, and 
that the Tsmaining third of the total rainfall glnkB into Ibe 

Such data as the above may bo used in approiimatoly esti- 
mating the probable available rainfall of a district ; bnt a macl: 
more accurate and satisfactory method is to niea.sure the actiul 
discharge of the Htreams, and the quantity lost by evaporatjun, 
at the same time that the rain-gauge observations are made, 
and so to find the actual proportion of available to total 
rainfall 

The following Table gives the mean annnal rainfall in 
^iriouB pai-ta of the world ;— 

TiBLB OF Eainfall, Collected by G, J. Symons. 



EUROPE. 
AcsTKi* — Ctaoow 

Vienna 

Bbloicb— Bruaaela 

Ghent 

Louvain 

Desmark — Copenhagen 
FsANOE — BajDime 

Bordeaux 

Breat 

Fhamob— Lyons 

ManieilleB 
Hontpelier 

Nice 

Paris 

Pan 

Toulon 

ToalouM .. -■ 

kQsEAT Bbitair — 
England, London.. 
„ Slanctiester 
„ Exeter ., 
„ Lincoln 



ftr!«l 




Uonii. 


iflUradB. 


5 






50 5 


10 




20 


50 51 






12 


50 33 


12 


55 41 


10 


43 29 


S2 


44 50 


30 


48 23 


20 


47 14 




45 46 


60 


43 17 


51 


43 36 


20 


43 43 


44 


48 50 


12 


43 19 


10 


49 27 






52 


43 36 


40 


51 31 


40 


63 29 


40 


50 4* 


40 


53 15 



OIOLOQIOAL OOMBIDKItATIONS, 

K RADiriLL— ■miiiinueii. 



EUEOPE— conHnued. 

Wales, Cardiff 

„ Llandudno 

BcoUand, Bdinbnrgh ., 

„ Qlufleow 

„ Abtjdeeu 

Ireland, Cork 

„ Dublin 

„ GbIwu; 

BoLiAND — Rotteidum 

luEi^xD — Eeildttvik 

loNUK Isles — Corfu 

Italy— Florence 

NapicB '.'. '.'. '.'. 



Chrietiaiiia 

PoETUGAL — Coimbre (in Vale of Mondega) 

Peubbia — Beiliu 



Cnl,^ 



Hanorer 

PoUsdfttn 

BcBBiA — St Petereburg 

Archangel 

Astrakhan 

FiDland, Uleaborg 
SiaLT — Palermo .. 
Spain — Madrid 

Oviedo 

SwxDSM — Stockiiolm .. 

SWITZEBLAKD — GeQevB 

Oceat 81. Bernard 
LanaBiuie 



ASIA. 

Ohika — Coatoa .. 

Macao 

Pekin 

lauiA— 

Ceylon, Colombo .. 



61 28N 
53 19 
55 57 
55 52 
57 8 
51 54 



53 15 



eo 24 

59 54 
40 13 
38 42 
52 30 
50 55 
52 24 
52 24 
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CDnntiTmdSUtlon. 



ASIA — etmiinaed, 
Ceylon, Adftm'a Foak .. .- 
Bombay 



Oalcu 

Chemipongeo 

DanoeliDg 

Madraa 

Maliabuleahwur 

Mftlabar, Tellioherry , . . . 

PaiamcotU 

Putnii 

Poonah 

Haut — Pnlo Penang 

Singupore 

Pehsia — tenooran 

Oomomiab 

EuBSiA — Bftrnaoul 

NertchinBk 

Okhotak 

Tiflia 

Tobolsk 

TrjRKET — Paleatine, Jernsalem .. 

Smyrna 

AFEIOA. 

Abtssinia — Qondat 

Aloebu— Algiers 

Coostanbna 

MoBlagnnoa 

ASCBNBION 

Capjs Colost — Cttpu Town 
Guinea— ChriBtiaiiBborg . . 

MiOKiaA 

MACRmcB — Port Lou ia 

Natal— Maritzbnrgli 

St. Hbcena 

StBBRA Lkoke 

Tenekutb 

NORTH AMERICA. 
Bbitish Colcmbia- New Westuiii 
Cam AD A — Moutreal, Bt. Martin's 
Toronto 







ofOt«> 


U«^ 




=> , 




G SON 


S3 


18 50 


20 


22 35 




25 16 




27 3 


22 


13 4 




17 56 




11 44 




8 30 




25 40 


4 


18 SO 




5 25 




1 17 


3 




1 


37 28 


15 


53 20 


12 


51 18 


2 


S9 13 


6 


41 42 




58 12 




31 47 




31 47 




33 26 




12 86 




36 47 




3t! 24 




35 50 




35 50 








33 52 




5 30N 




33 30 




iO 3S 






3 


15 55 N 




8 30 


2 


28 28 


3 


49 12 


2 


45 31 


16 


13 99 



9^ 



Table of HArsFALL — continaed. 



Cotmti? and SlaUoo. 

NOETH AMERIOA—eontinaed. 

nicRAB — Belize 

moo — Vera Cruz 

,N Ambbica — Sitka 

D STA7B8 — ArkaosaB, Fort Smith 
Cniifomia, San FranciBCD 
Nebraska, Fort Kearny 

Nbw Meiico, Socorro 

Now York, Weat Point .. .. 

Otio, CiDcionati 

PennBylvanui, Fliilndelphia 
Sonth Carolina, CharlBBtawn 

Texas, Matamoisf 

West Indies — Antigua 

Barbaduea 

St. Pliilij) 

Cnba, Havannoh 

Mutanzas 

I Grnnftda 

L tiuadalonpe, BoSBeterre 

I „ Hatoabu 

P Jamaica, Canub 

I „ Eiagatovn 

Bt. Domingo, Cape Haitien 

TriniiJad 

Virgin Isles, St. Thomafl" . . . . 
„ Tortola 

SOUTH AMERICA. 
Bbazil — Eio Janeiro 

8. Luis de MnrauliBo 

GuTASi— Cajeime 

Demerara, George Towu 

Parimacibo 

Nkw GaAHAltA — LaBajtt 

Marmnto 

Santa Fe de Bogota 

Vgnezdela — Oumani .. - 

Curnsoa 

AUSTRALIA. 
Nkw South Wales — Batliurat .. 
Deniliquin 



40 3S 
34 10 

41 23 



2a 54 
17 3 
13 12 
13 13 
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\ Table of Rtisf all— continiied. 1 


C<nmtrTiuuiat*tl«i. 


Hon. 


~i 


New Socm W*LEa-NewcaBt]e .. .. 

Port Macquime 

Sydney 

Nkw* ZEALiNti—Auckland 

CbriHtiihureh 

Nelsm 

Tflmimki 

Wellington 

SovTB Australia — AdeMde 

Tasmania— Hoboo^i Town 

VKTroBU—Melboume 

Port Phillip 

West AcsTBALiA— Albony 

York 

POLYNESIA. 

Soon:rY Ia.AMD9— Tahiti, Papiote .. .. 


3 
12 

6 
2 

2 
2 
6 

12 
6 

11 

5 


32 578 
31 29 

33 52 

30 50 
4.1 45 
41 18 
39 3 

41 17 
3+ 55 

42 54 
37 43 
3S 30 
35 

31 55 

17 32 
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DiSTFRBAKCEB OF THB STRATA. 

The Itist question to be considered relotea to the distnrbw 
whict may havo affected the strata ; for whatever may be 
absorbent power of the strata, the yield of water will be m 

If the strata remained continuona and unbroken, we Bio 

But if the strata iu broken, the interference with the snbtoi 
nean transmiBsion of water will be proportionate to the exb 

Although the Tertiary formations around London have p 
bably suffered loss from the oution of diatuibing forces than 1 
strata of any other district of the same estent in England, 1 
they nevertheless now exhibit considerable alterations fa 
their original position. 
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The principal change haa been that which, by oleyation of 
the sides or depresaion of the centre of the district, gave the 
Tertiary deposits their present tcough-Bhaped form, aasitmiiig it 
not to' be the result of original deposition. If no further change 
had taken place we might hayo espeetod to find an unintermpted 
communication in the Lower Tertiary strata from their northern 
ontcrop at Hertford to their sonthera outcrop at Croydon, as 
well as from Newbury on the west to the soa on the east ; and 
the entire length of 260 miles of outcrop would have contributed 
to the general supply of water at the centre. 

Bnt this is far from being the case ; several disturbing causes 
have deranged the regularity of original structure. The prin- 
cipal one has caused a low asis of elevation, or rather a line of 
flexure running east and west, following nearly the course of the 
Thames from the Nore to Deptford, and apparently continued 
thence beyond Windsor. It brings up the chali at Clifii 
Purflcet, Woolwich, and Loampit Hill to varied but moderate 
elevations above the river level. Between Lewisham and Dept- 
ford the chalt disappears below the Tertiary series, and does 
not come to the surface till we reach the neighbourhood of 
Windsor and Maidenhead. 

There is also, probably, another line of disturbance running 
between some points north and south and intersecting the first 
line at Deptford. It passes apparently near Beckenham and 
Iiewisham, and then, crossing the Thames near Deptford, 
continues up a part, if not along the whole length of the valley 
of the Lea towards Hoddesilon. This disturbance appears in 
some places to have resulted in a fracture or a fault in the strata, 
placing the beds on tho cast of it on a higher level than those 
on the west ; and at other places merely to have produced a 
curvature in tho strata. Prestwich states that he was unable to 
give its esact course, but its oflect, at all events upon the water 
supply of London, is important, eis, in oonjunetion with the first 
or Thames valley disturbance, it cuts off the supplies from the 
whole of Kent, and interferes most materially with the supply 
from Esses ; for in its course up tho valley of tho Lea it either 
brings up the Lower Tertiary strata to the Erarface, as at Strat- 
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ford and Bow^ or else, as farther up the valley, it raises them 
to within 40 or 60 feet of the surface^ 

The Tertiary district thus appears, on a general view, to be 
divided naturally into four portions by lines running nearly 
north and south, the former line passing immediately south, and 
the latter east of London, which stancU at the south-east comer 
of the north-western division, and consequently it must not be 
viewed as the centre of one large and imbroken area, so far as 
the Tertiary strata, are concerned. 



► 



CHAPTER IL 

THE NEW BED SANDSTONE. 

This formation has been already alludod to at pp. 5 and 8 ; it 
18, nost to the chalk and Inwor" greeneand, the most estensiye 
source of writer sapply from wella we have in England, and al- 
though tbo two formations mentioned occupy a larger area, yet, 
owing to gGographical position, the row red sandstone reueives 
a more confiiderahle quantity of rainfall, and, owing to the com- 
parative scarceness of carbonate of lime, yields softer water. 

The new red sandstone is called on the Continent " the 
Trias," as in Germany and parts of France it presents a distinct 
threefold division. Although the names of each of the divisions 
are commonly used, they aro in themselves local and unessential, 
as the same exact relations between them do not occur in other 
remote parts of Europe or in England, and are not to he looked 
for in distant continents. The names of the divisions and their 
English equivalents are ; 

1. Keuper, or red. marls. 

2. MuHchelkalk, or shell limestones (not found in this 
country). 

3. Bunter sandstone, or variegated sandstone. 
The strata consist in general of red, mottled, purple, or 

yellowish sandstones and marls, with beds of rock-salt, gypsum 
pebbles, and conglomerate. 

The region over wkich triassic rocka outcrop in England 
stretches across the island from a point in the south-western 
part of the English Channel about Exmouth, Devon, north- 
north-eastward, and also from tho centre of this band along 
a north-westward course to Liverpool, thonco dividing and 
running north-east to the Tees, and north-west to Solwny Firth. 

la central Europe the trioB is ibund largely developed, and 
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in North America it csotofb an area wboHO a^regate length is 
some 700 or 800 inilea. 

The beds, in England, may he divided as follows ; 

ATerage TMi*DB«. 

Kbcpbr— Red marls, with rock^alt and gTpsnm .. 1000 R. 
Lover Keuper sandslonee, with trias Band- 

Btonee and mails (wa.teiBtonea) 250 IL 

Dolomitic csTOglomerate 

I BmTEB — Upper red and mottled sand Bfone 300 ft. 

r Pebble beds, or ammapiicted conglomerate . . 300 ft. 

Loner red and mottled mndstone 250 ft. 

The Keuper series is introduced by a conglomerate often cal- 
careons, passing np into brown, yellow, or white freestone, and 
then into thinly laminated sandstones and marls. The otbet 
Bubdiyisicina are remarkably unLform in character, except ii 
cose of the pebble beds, which in the north-west form a light 
red pebbly building stone, but in the central counties becomea 
generally an unconsolidated conglomerate of quartzose pebbles. 

The following tabulated ft)rm, due to Edward Hull, Esq., 
H.A., shows the comparative tliickueBa and range of the Triassic 
series along a south-easterly direction from the estuary of the 
Mersey, and also shows the thinning anay of all the Triassic 
strata from the north-west towards the south-east of England, 
which Hull was amongst the first to demonstrate. 



tTBiaKNESS AND EaNOB OF THE TfilAB K 
FBOM THE MEBSET. 
Kecpi 



. S.E. 



BiUTER Sebieb — Upper mottled land- 
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The formation may be looked upon as almoBt equally per- 
meable in all directions, and tbe whole mass may be regarded 
f ap to a certain level, Ironi which, whenever wells 
are sunk, water will always be obtained more or less abundantly. 
This view is very fairly borne out by experience, and the oecui- 
5 of the water is eettainly not eolely due to the presence 
of the fisaures or joints traversing tho rock, but to its permea- 
bility, which, however, varies in different districts. In the 
neighbourhood of Liverpool the rock, or at least the pebble 
bed, is less porous than in the neighbourhood of Whitmore, 
Nottingham, and other parts of -the midland counties, where it 
becomes either an unconsolidated conglomerate or a soft crumbly 
sandstone. Yet wells sunk even in the hard building atone of 
tho pebble beds, either in Cheshire or Lancafihire, always yield 
water at a certain variable depth. Beyond a certain depth the 
water tends to decrease, as was the case in the St. Helen's public 
well, situated on Eccleston Hill. At this well an attempt was 
made, in 1868, to increase the supply by boring deeper into the 
sandstone, hut without any good result. When water percolates 
downwards in the rook we may suppose there are two forces 
of an antagonistic character hronght into play; there is the 
force of friction, increasing with the depth, and tending to 
hinder the downward progress of the water, while there is the 
hydrostatic pressure tending to force the water downwards; and 
wo may suppose that when equilibrium has been established 
between these two forces, the further percolation will cease. 

The proportion of rain which finds it way into the rock in 
some i>art8 of the country must be very large. When the rock, 
as is generally tho case in Lancashire, Cheshire, and Shropshire, 
ia partly overspread by a coating of dense bonlder clay, almost 
impervious to water, tho quantity probably does not esceed one- 
thiid of the rainfall over a considerable area ; bnt in some parts 
of the midland counties, where tho rock is very open, and the 
covering of drift scanty or altogether absent, the percolation 
amounts to a much larger proportion, probably one-half or two- 
thirds, as all tho rain which is not evaporated passes downwai'ds. 
The new red sandstone, as romaiked, may be regarded, in 



respect to water Bupplj, as a nearly homogenons mass, eqiullj 
available througbout ; and it is owing to tbis structure, and tLi 
slmoat entire absence of beds of imperrions claj or marl, tl 
the furmation is capable of affording such largo sappliea 
water ; for the rain which falls on its surface and penetrii 
into the rock is free to poiiH in any direction towards a w 
when sunk in a central position. If we consider tbo rock bs< 
mass completely saturated with water throngb a certain 
depth, the water being in a state of equilibrium, when a well 
sank, and the water pnmped up, the state of equilibrium 
destroyed, and the water in the rock is forced in from all sidf 
The percolation is, doubtless, much feoilitated by joints, fisEure^ 
and faults, and in cases wliere one side of a fault is compoBei 
of impervious strata, such as the Ecnper marls, or coal measnrei 
the quantity of water pent up against the face of the feult 
he very large, and the position often favourable for a well. An 
instance of the effect of fanlts in the rock itself, ia incret 
the supply, is afforded in the case of the well at Flaybrick ffHl^ 
near Birkenhead, From the bottom of this well a beading mil 
driven at a depth of about 160 feet from the surface, to cut ■ 
fault about 160 feet distant, and npon this having been eSected 
the water flowed in with such impetuosity tbat the Bupply,' 
which had been 400,000 gallons a day, was at onco doubled. 

The water from the new red sandstone is clear, wholesome) 
and pleasant to drink ; it is also well adapted for the pnrposai 
of bleaching, dyeing, and brewing ; at the same time it must 1>» 
admitted that its qimlitics as regards hardness, in other wordSf 
the proportions of cai'bonates of limes and magnesia it conta)n% 
are subject to considerable variation, depending on the locality 
and composition of tbo rock. As a general rule, the water from 
the new red sandstone may bo considered as occupying a po8^- 
tion intermediate between the hard water of the chalk, and thfl ' 
soft water supplied to some of our large towns from the drain- ' 
age of mountainous tracts of the primary formationg, of which 
the water supplied from Loch Katrine to Glasgow is perhaps 
the purest example, containing only 2 ' 35 grains of solid mattcvj 
to the gallon. Having besides but a small proportioi 
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ingredients, whicli, while they tend to harden the water, are 
probably not without benefit in the animal economy, the water 
supply from the new red sandstone possesses incalculable ad- 
vantages over that from rivers and surface drainage. Many of 
our large towns are now partially or entirely supplied with 
water pumped from deep wells in this sandstone ; and several 
from copious springs gushing forth from the rock at its junction 
with some underlying impervious stratum belonging to the 
primary series. 



CHAPTER III. 



WELL SINKING. 

Pbbvioub to sinking it will be necessary to have in rendinesB 
a stock of buckets, shovels, picks, rope, a pulley-block ot a 
windlflfls, anil barrows ot otber means of conyoying the mate- 
rial extracted away from the mouth of the einking. After aU 
the preliminary arrangements have been made, the sinking ia 
commenced by marking off a circle upon the ground 13 or 
18 inches greater in circunifeience than the inteaded internal 
diameter of tho well. The centre of the well aa commenced from 
must be the centre of every part of the sinking ; its position 
must be carefully preserved, and everything that ia dona mnst be 
true to this centre, the plumb-line being &equently used to test 
the vertical position of tho sideB, 

To sink a well by underpinning, an excavation is first made 
to Buob a depth as the strata will allow without falling in. At 
the bottom of the excavation is laid a curb, that is, a fiat ring, 
whose internal diameter is equal to the intended clear diameter 
of the well, and its breadth equal to tho thickness of the brick- 
work. It is made of oak or elm planka 3 or 4 inches thick, either 
in oae layer fished at the joints with iron, or in two layers 
breaking joint, and spiked or screwed together. On this, to line 
the first division of the well> a cylinder of brickwork, techni- 
cally called steining, ia built ia mortar or cement. In the oeotre 
of the fioor is dug a small pit, at the bottom of which ia laid a 
small platform of boards; then, by cutting notches in the side 
of the pit, rating props are inserted, their lower ends abutting 
against a foot block, and their upper ends agaiiLst the lowest 
Betting, so as to give temporary support to the curb with ita load 
of brickwork. The pit is enlarged to tho diameter of the shaft 
above; on the bottom of the excavation is laid a new curb, on 
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wluoh. is built a new division of the brickwork, giving 
BQpport to the upper curb ; tbe raking props and tbeir foot- 
blocks are removed ; a new pit is dng, and so on as before. 
Care should be taken that the earth is finulj packed behind tlie 
Bteining. 

A common modification of tbia method consists 
to Bucli a depth as tbo strata will admit without falling in. A 
wooden curb is laid at the bottom of the excavation, the brick 
Bteining laid upon it and carried to the surface. The earth is 
then oxcavatod flush with the interior sides of the well, 
the earth underneath the curb supports the brickwork above. 
When tbo excavation has beea carried' on as far 
recesses are made in the earth under the previous staining, and 
in those recesses the steining is carried up to the previous work 
When thus supported tbo intermediate portions of earth between 
the sections of brickwork ctvrried up are cut away and the 
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In sinking with a drum curb, the curb, which may bo eiUm 
of wood or iron, consists of a £at ring for supporting the stein- 
ing, and of a vertical hollow cylindor oi drum of tbo same 
outside diameter as the steining, supporting the ring within 
it and bevelled to a sharp edge below. The rings, or ribs, of 
wooden curb are formed of two tbicknossea of elm plank, IJ inch 
thick by 9 inches wide, giving a total thickness of 3 inches. 

Fig. 17 is a plan of a wooden drum curb, and Fig. 18 a Bection 
showing the mode of construction. The outside cylinder or 
drum is termed the lagging, and is commonly made from 14-inch 
yellow pine planks. The drum may bo strengthened if i 
eary by additional rings, and ita connections with tbo rings 
more secure bj brackets. In large curbs tbo rings are placed 
about 3 feet C inches apart. Fig. 19 is a plan, and Fi 
an enlarged segment of an iron curb. When the well has been 
sunk as far as the earth will stand vertical, the drum curb is 
lowered into it and the building of the brick cylinder com- 
menced, care being taken to complete each course of 1 
before laying another, in order that the curb may be losdad 
equally all round. The earth is dug away from the interior ol 
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the drum, and tliig, together with the gradually inereasing load, 
eanaes the shurp lower edge of the drum to &mk intu the earth ; 
and tliuB the digging of the well at the bottom, the sinking 
of the drum curb and tho brick lining which it cowies, and 
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tho building of the stoining at tho top, go on together. Care 
moat be taken in this, aa in every other method, to regulate 
the digging so that the well shall sink vertically. Shonld the 
finctiou of tho earth against the outside of the well at length 
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become so great as to stop ita descent before the requisite di 
is attained, a smaller well may be sank in the interior of 111 
first well. A well so stopped is said to be earth-fast. Tlui 
plan cannot be applied to deep wells, but is very e 
in sandy soils where the well is of moderate depth. 

The curbs are often supported by iron rods, fitted with BDreii 
and nuts, from croas timbers over the mouth of the well, audi 
the excavation is carried on below, brickwork is piled o 
and the weight of the steining will carry it down as the emn 
tion proceeds, until the friction of tho sides overpowcrB tl 
gravitating force or weight of the steining, when it I 
earth-bound ; then a set-off must be made iu tho well, and 
same operation repeated as often as the steining becomes e» 
bound, or the work must be completed by the first method ( 
underpinning. 

When the rock to bo sunk through is unstratifled. o 
stratified, when of great thickness, recourse must be had to tbt 
action of eiplosive agents. The eiplosives most frequently uiaJ 
for tiiis purpose are guncotton, dynamite, litUo&acteor, ad 
gunpowder. Lithoiracteur is now often employed, and alwKjt 
with considerable success, as its power is similar to that 
dynamite, but, what is particularly importont-in vertical borSi 
holes, its action is intensely local ; it is, moreover, safe, doOt 
not generate fumes more harmful than ordinary gnnpowda^- 
reg^uires smaller holes, and but little tamping. The dangetoiul 
character of guncotton has hitherto prevented its adoption for 
ordinary operations, while the comparatively safe character and 
convenient form of gunpowder have commended it to the a 
dence of workmen, and hence for sinking operations 
esplosivG is generally employed. We shall therefore, i; 
ing of blasting for well sinking, consider these operations M 
carried ont by the aid of gunpowder alone. 

The system of blasting employed in well sinking is that knoni 
as the Bmall-shot system, which consists in boring holes froi 
1 to 3 inches diameter in the rock to he disrupted to receive tl 
charge. The position of these holes is a matter of the highei 
importance from the point of view of producing the greatel 
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effectB with the available means, and to determino them pro- 
perly requiroB a complete knowledge of the nature of the forces 
developed by an explosive agent. This knowledge is rarely 
poeseased by sinkers. Indeed, such is the ignorance of this 
eabject displayed by qnarrymen generally, that when the 
proportioning and placing the charges are left to their judgment, 
a large espenditure of labour and material will produce very 
inadequate results. In all cases it is far more economical to 
entrust these duties to one who thoroughly understands the 
subject. The foBowing principles ehould govern all operations 
of this nature ; 

The espliisiou of gunpowder, by the expansion of the gases 
suddenly evolved, develops an enormona force, and this force, 
due to the pret^sure of a fluid, is exerted equally in all directioos. 
Consequently, the surrounding mass subjected to this force will 
yield, if it yield at all, in its weakest part, that is, in the paxt 
which offers least resistanco. The line along which the mass 
yields, or Uue of rupture, is called the line of least resistance, 
and is the distance traversed by the gases before reaching the 
surface. When the surrounding mass is uniformly resisting, 
the line of least resistanco will be a straight line, and will be the 
shortest distance from the centre of the charge to the surface. 
Such, however, is rarely tho case, and the line of rupture will 
therefore in most instances he an irregular line, and often much 
longer than that from the centre direct to the surface. Hence 
in all blasting operations there will be two things to determine, 
the line of least resistance and the quantity of powder requisite 
to overcome the resistance along that line. For it is obvious 
that all excess of powder is waste ; and, moreover, as the force 
developed by this escess must be expended upon something, it will 
probably bo employed in doing miachief. Charges of powder of 
uniform strength produce effects TOjyiug with their weight, that 
is, a double charge will move a double moss. And as homogi 
masses vary as the cube of any similar line within them, the 
general rule is established that charges of powder to produce 
similar results are to each other as the cubes of the lines of least 
resistance. Hence when the charge requisite to produce a given 
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effect in a particulaT eubstaooe has been determined by expi 
meiit, that necessary to produ-co ii like effect in a given 
the same sabatance may be readily determined. As the 
stances to be acted npon ara yarious and differ 
different localities, and as, moreover, the quality of powder 
varies greatly, it will bo ntJCOBsary, in undertaking einkii^ 
operatiouB, to make experimonts in order to determine the 
constant which should be employed in calculating the charges 
of powder. In practice, the line of least reeistAuce is taken i> 
the shortest distance from the centre of the charge to the bup- 
face of the rock, unless the existence of n^tnral divisions ahowt' 
it to lie in some other direction; and, generally, the 
requisite to overcome the resistance will vary from -^^ to ^ 
the cube of the line, the latter being taken in feet and the 
in pounds. Thus, suppose the material to bo blasted is chal^ 
and the line of least rosistaiice 4 feet, the cube of 4 is 64, aa& 
taking the proportion for chalk as ^, we have gj = 2-^ lb. 
the charge necessary to produce disruption. 

When the blasting is in stratified rock, the pOHition of t 
charge will frequently be determined by the natural dividoa 
and fissures ; for if these are not duly taken into consideratioi 
the sinker will have the mortification of finding, after his sht 
has been fired, that the elastic gasea hove found an easier vtx 
through one of these flaws, and that consequently no nseful eBet 
has been produced. The line of least resistaneo, in this caa 
will generally be perpendicular to the beds of the strata, so Qu 
the hole for the charge may be driven parallel to the strata an 
in such a position as not to touch the planes which separate then 
This hole should never bo driven in the direction of the line 
least resistance, and when practicable should he at right anglfl 
to it. 

The instruments employed in boring the holes for the si 
are iron rods having a wedge-shaped piece of steel welded 
their lower ends and brought to an edge so as to cut into t 
rock. These are worked either by striking them on the heai 
with a hammer, or by jumping them up and down and allowing 
them to penetrate by their own weight. When used in du 
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former nuumer they are called borers or drills ; in 
the latter caBe tLey are of the form Fig. 21, and are 
tormod jumpers. Keeently power jumpers worked hy 
compreseed air, and drills actuated in the same man- 
ner have been very successfully employed. Holes 
may bo made by these instruments in almost any 
direction ; but when hand labour only is available, 
the vertical can he most advantageously worked. 
Sand jumpers are usually about 4 feet 8 inches in 
length, and are used by holding in the direction of the 
required hole, and producing a series of sharp blows 
through lifting the tool about a foot high and drop- 
ping it with an impulsive movement. The bead 
divides a jumper into two unequal lengths, of which 
the shorter is used for commencing a bore-hole, and I 
the longer for finishing it. Ofteu the bit on the long I 
length is made a trifle smaller than the other to 
remove any chance of its not following into the h 
which has been commenced. 

Drills and jumpers should be made of the best 
iron, preferably Swedish, for if the material be of an 
inferior quality it will split and turn over under the 
repeated blows of the mall, and thus endanger tho 
hands of the workman who tuma it, or give off splin- 
ters that may cause serious injury to those engaged 
in the shaft. Frequently they are made entirely of 
steel, and this material has much to recommend it 
for this purpose; tlie length of drills varies from 
18 inches to 4 feet, the different lengths being put 
in succeBsively as the sinking of the hole progresses. 
The cutting edge of the drills should be well steeled, 
and for the first, or 18-inch drill, have generally a 
breadth of 2 inches ; the second, or 28-inch drill, 
may be If ineh on the edge ; the third, or 3-foot 
drill, li inch, and the fourth, or 4-foot drill, IJ inch. 

The mode of using the drill in the latter case is as 
follows ; Tho j/lace for the hole Lavisg been marked 
off with the pick, one man sits down holding the 
drill in both bands between his legs. Another tokq. 
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tboQ Btrikes the drill with a mall, the fanner taming tlie^ 
purtiallj ronnd between each blow to prevent the cutting eigi 
ft'om falling twice in the same pl&ce. 

The speed with which holes may be sank varies of con 
tho hardaew of the rock and the diameter of the hole, il 
Holyhead tbo average work done by three men in hard qnuli 
rock with IJ-inch di'ills was 14 inches an hour ; one man hold' 
ing the drill, and two striking. In granite of good quality, il 
has been aEcertained by eiperience that three men arc able to 
sink with a 3-inch jumper 4 feet in a day ; with a 2J-iiicb 
jumper, 5 feet ; with a 21-inch, 6 feet ; with a 2-inch, 8 
and with a IJ-inch, 12 feet. A etrocg man with a l-incli 
jumper will bore 8 feet in a day. The weight of the 1 
nsed with diilla is a matter desomng attention ; for if too 
heavy they ^tigue the men, and coneeq^uently fewer blows K 
given and the elfect produced lessened ; while, on the othec 
hand, if too light, the strength of the workman is not fully em- 
ployed. The usual weight is from 5 to 7 lb. 

As the labour of boring a sbot-bole in n given kind of rock it 
dependent on the diameter, it is obviously desirable to maketb 
hole as small as possible, due regard being had to the size of th 
charge ; for it must be home in mind in determining the di*' 
meter of the boring that the charge should not occupy a gred 
length in it. Various expedients have been resorted to for 111 
purpose of enlarging tho hole at the bottom so as to form ■ 
chamber for the powder. If this could be easily effected, si 
a mode of placing the charge would be highly advantageous il 
a very small bore-hole would bo sufficient, and the difficulties d 
tamping much lessened. One of these expedients is to plaoe fe 
small charge at the bottom of the bore and to fire it niter be' 
properly tamped. The charge being insufficient to cause f 
tore, the parts in immediate contact with it are compressed a 
crushed to duet, and tho cavity is thereby enlarged. The propfl 
obarge may then be inserted in tho chamber thus formed byl 
boring through the tamping. Another method, applicable chiefly f 
to calcareous rock, has been tried with satisfactory resnlts »i 
Marseilles. When the bore-hole has been sunk to the reqnind ] 
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acopperpipe, Fig. i32, offtdiamoterto fit the bore loosely, . 
Toduced, the end A reaching to the bottom of the hole, 
I is closed np tight at B vrith clay so 
ao air may escape. The pipe is pro- 
with a bent neck 0. A small leaden pipe 
)at half an inch in diameter, with, a fus- 
at the top, ia introduced into the copper 
at D and passed down to within about 
ich of the bottom. The annular space 
ien the leaden and copper pipes at 17 is 

with a packing of hemp. Dilute nitric 
is then poured through the funnel and 
n pipe. The acid diaaolvee the cal care 
at the bottom, causing an efierveBcence, 
1 substance containing the disBolyed lime 
reed out of the orifice C. This process 
intinued until from the quantity of acid 
limed it is judged that the chamber is 
;iently enlarged. Other acids, sach as 
atic or sulphuric, will produce the same 
ts, but the result of the chemical solu- 
will of conrse depend upon the nature of 

Fter tho shot-hole has been bored, it is '^' 

led out and dried with a wisp of hay, and the powder poure3l 
q; or, when the hole is not vertical, pushed in with 1 
Ien rammer. The ([nantity of powder Bhould always btfl 
rminod by weight. One pound, when loosely poured ou^fl 
occupy about 30 cubic inches, and 1 cubic foot weighs BT"! 
ids. A holo 1 inch in diameter will therefore contain '4111 
-.0 for every inch of depth. Hence to iind the weight of ' 
ier to an inch of depth in any given hole, we have only to 
tiply -414 ounce by the square of the diameter of the hole 
aches, and we are enabled to determine either the length of 
I for a given charge, or the charge in a given space. It is 
ortant to use strong powder in blasting operations, because, 
enialler quantity will be sufficient, it will occupy less space, 
thereby save labour in boring. 
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WIlou tlio tiolo iti ill nut atuno, means most be pnmded 

ki>(ti>iiiH tli<< iMiwddr <1ry. For tbia pnrpoee, tin cartridges 

Kio »i r\a 3.1 w'UH'timoB UBsi. Tlieeo are tin crlindaB (f 

lY y-i ^_^^ "iiitnlilo (liraonsioDB, fitted with a edikI] tin al 

I A "■ ' /f U '■'"''"'S'' ^*'''i*>l' Ito powder is ignited. 1 

^i^yj oflVt't iif tlio powder is, however, mncli 

A f by (b(iiiiiiM)f tlieso tincBBee. (jenerally a pkper 

" PMtridgp, woll greased to prevent the wtiia 

fiiun jKinotrutiiip, will give far moro 

t»ry results. When the paj>er shot is nsed,!^ 

liiilu Bliiiuld, pFeyioua to the insertion of the 

t'har|p>, be partially filled with stiff day, uiA 

a riiunil iniii bar, called a clay-iron 

Viifn. 94, 25, driven down to force the city 

iutu tbi! intorstiooB of the rock throngh wliidi 

llic wator outers, By this means the hole will 

bo kijpt oompiimtively dry. The bull is ' 

iliit\vii by placing b, bar through the eye 

Iho t'lp iif tbo former, provided for that pnr- 

piiKo, and lifting it straight out. The caotridgD 

id plnci"! upon the point of a prickt 

pitsbuil domi the bolo. The pricker, showit 

in Fig. 'iS. is a taper piece of metal, ueoally' 

of copjHir to prevent acoideste, pointed at 

uiid and having a ring at the other. Whe» 

tlio ciirtridge bus been placed in its position' 

by tbis moiLns, a little oakum is laid over i^ 

aiid a Bickford fuse inserted. This fase 

itmxpensivo, very certain in its effects, not easily 

injured by tamping, and - - 

tare. The No. 8 fuse 

ground; and when it is required to fire tiui 
charge from the bottom in deep holes, No, 1^ 
ia the most suitable. 

decided upon, care must he taken that it remains the line of least 
lesiBtiuioe ; for if the apace in bore-bole ia not properly filledJ 



by moi* 
preferred for ? 



t resistance has been 
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< I'j clastic gases may find an easier Tent in that directioa than 
tu any other. The materials employed to fill this space an, 
when BO applied, culled tampmg, and they coueist of the chips 
and dost from the si nkin gs sand, well-dried clay, or broken 
brick or stones. Various opinions ore held concerning thu rela- 
tive value of these materials as tamping. Sand offers -very great 
resistaiico from the friction of the particles amongst theniselvea 
Aod against the sides of the bore-hole ; it may be easily applied 
by pouring it in, and is always readily obtainable, Ctny, if 
thoroughly baked, offers a somewhat greater resistance than 
sand, and, where readily procurable, may be advantageously 
employed. Broken stone is much inferior to either of those 
snbstances in resisting power. The favour in which it is held 
by sinkers and qiiarrymen, and the frequent use thay make (if 
it as tamping, must be attributed to the fact of its being always 
ready to hand, rathor than to any excellent results obtained 
from its use. Tto tomping is forced down with a stemmer or 
tamping bar sinjilar to Figa. 26, 27, too frequently made of 




r of copper or bronze. 
tamping end of the bar is grooved on one side, to admit of its 
clearing the pricker, or the fuse, lying along the aide of the 
hole. The other end ia left plain for the hand or for being 
struck with a hammer. 

All tamping should be solectod for its freedom from particles 
likely to strike fire, but it must not be overlooked that the cause 
of snch a casualty may lie in the sides of the hole itself. Under 
these circumstances is seen the advisability of using bronze or 
copper tamping tools, and of not hammering violently on tlie 
tamping until a little of it has been first gently pressed down to 
cover over the charge, becouse the earlier blows on the tamping 
are the most dangerous in the event of a spark occurring. A little 
wadding, tow, paper, or a wooden plug is sometimes put to lie 
aguoBt the charge before any tumping is placed in the liole. 
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To leesen the danger of the tamping being blown out, plug 
01 oonea of metal of different shapes are sometimes inserted ii 
tlie liole. The best forms of plug are ehowii in Figs. 28 and 39 
Fig. 28 is a metal cone wedged in « 
the tamping with arrowB, and Fig. SJ 
is a barrel-shape*! plug- 
When all is ready, the sinkers, wit 
xhe. exception of one man whose dnty i 
■~ i ■ IS to fire the charge, are either draw 

I I'Ut of the shaft, or are removed t 

>i.imo place of safety. Tiiis man thai 
having ascertained by calling and n 
ooiviug a reply that all are 
' shelter, applies a light to the foBe, 
■|. ' -hunts "Bend away," or some eqoivA 

. "- '.'>"■ ' k'ut espression, and is rapidly draws 

i;^i.; V-:, ; ' up the shaft. 

Pij, ... To avoid shattering the walls of a 

shaft, no shot shoTild be placed nearer 

.lo than 12 inches. The portion of atone next the wall 

tf the shaft left after blasting is removed bj stool-tipped 

length. These wedges are appUsl, 

by making a small hole with thra 

pomt of the pick and dnvmgj 

them in with a mall The sideB 

may bo then dressed as reqnired 

with the pick. 

After some 30 or 40 feet have 

been sunk the air at the bottom 

of the well may be very foiil, 

a well where blast- 

ing operations are being earned I 

on, or «here there is any great 

escape of noxious gases through hssnres Means must then be 

provided for applying at tho surface a small txhaust fan to 

which IS attached lengths of tubing extending down the well 

Another good plan is to pass a 4 or G mch pipe down tlwti 
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1, bring it np with a long bend at surface, and insert a steam 

f a brick cbininey is frequently built over the upper end of 

3 the draught, and the lower end continued 

D with flexible tubing. With cither fan or steam jet, the 

Bair being continuously withdrawn, fresh air will rush down 

B place. This is far better than dashing lime-water down 

Well, using a long wooden pipe with a revolving caphoad, or 

ing down a vertical pipe water which escaped at right 

j^es, the old expedients for freshening the air in a well. 

f A means of increasing the yield of wells, which is frequently 

y successful, is to drive small tunnels or headings from the 

bottom of the well into the surrounding water-bearing stratum. 

A, 




1 OQ estvmple, let Fig. 30 represent a sectional plan of a 
portion of the water-bearing stratum at the bottom of the shaft. 
Thie stratum is underlaid by an impervious atratara, and, con- 
Beqnently, the water will flow continuously through the former 
in the direction of the dip, as shown by the arrow and the 
dotted lines. That portion of the etratunt to the rise of the 
shaft, S, which is included within vertical lines tangent to 
the circle at the points m and n, will be drained by the shaft. 
The breadth of this portion will, however, be eiteuded beyond 
these linos by the relief to the lateral pressure afforded by the 

;, which relief will cause the fillets of water to diverge &om 
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tLeir original courge ttiivards the shaft, as shown in the figm 
Hence the hrendth of di'aiiiRge gronnd will be a 6, tati iti 
evident that the shaft, S, can receive only that water wliid 
descends towards it through tbia space. But if tunnels h 
driven &om the eboft along the strike of tbe Bti'atum, as at t 
n d, these tunuela will obviously intercept the water wliich ft 
past the shaft By this means the drainage ground is exteaiii 
from a 6 to a' h', and the yield of the well proportionatdf 
increased. 

It should be remarked that when the strata is horizontal a 
depressed in the form of a basin, that is, when it partakes ma 
of the character of a resertoir than a slreain, the only n 
tunnels ia to facilitate the ingress of water into the shaft^ tai 
in such case theyahoulil radiate from the shaft in all directiom, 
They are also of service in ease of accident to the pumps, a 
time they take to €.11 itp allows of examination and repain 
being made in that time to tbe pumps, wliich could not be got 
at if the enginea stopped pumping and the water rose rapid!} 
up the shaft. 

The size of the headings is usually limited by tlie 1 
dimensions of the space in which miners can work effieientlri 
that is about 4J feet high and 3 feet wide. The borse-sboe ft 
is generally adopted for the sides and top, the floor being Isrel, 
for the drawing off of the water by the pumps is quite sufGcient 
to cause a flow, unless of course the dip of the stratum i 
the tunnels are driven is such as to warrant an inclinutioiL 
Where there is any water it is not possible to drive them v 
a. fall, for the men woiild be drowned out. 

The coat of some headings in the new red sandstone nliicb th 
writer recently inapeoted, varied from 30s. a yard in ordisuf 
stone, to il. 10«. a yai'd in very hard stone. 

The foregoing remarka do not apply to headings driven ii 
chalk, where it ia the usual practice to select tbe largest faedei | 
issuing from a fissure and foUow that fissure up, unless tlM J 
heading is merely to serve as a reservoir, when the direction ii 
immaterial. 

The sides of wells usually require lining or steining, u it ii 1 
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^bmed, with some material that will preyent the Ioosq strata of 
^■e sides of the excavation falling into the well and choking it. 
^Be materials that have been Buccessfullj used in this work are 
^Kck, Etone, timber, and iron. Each desciiption of material ia 
^■itable under certain cocditions, while in other positions it is 
^Kgectionablo. Brickwork, which, is tmiTersally used in steining 
^KIls in England, not unfrcquently fails in certain positions ; 
^ftroogli ailuitting impure water when such water is under 
^neat prcSBuro, or from the work becoming disjointed from 
^Mttlemcut dne to tlie draining of a running sand-bed, or the 
^fellapse of the well. Stone of fair quality, capable of with- 
^bnding compressive strains, is good in its way ; but, inasmnch 
^m it requires a great deal of labonr to fit it for its place, it 
Huinot succefisfully compete with brickwork in the formation of 
Hfells, more especially as it has no merits superior to those of 
Heick when used in such work ; however, if in any locality, by 
Heasou of its cheapness, it can be used, care should bo taken to 
^Uect only such as contains a large amount of silica ; indeedi, in 
^pl cases it is a point of groat importance in studying the nature 
Hf the materials used in the constmction of wells, to select those 
^■bich are likely to be the most durable, and at the same time 
^Keserve the purity of the water contained in the well ; and thin 
^b best secured by sUicious materials. 

H Timber is objectionable as a material to be used in the lining 
Hp wells, on account of its liability to decay, when it not only 
^bdangers tho construction of the woll, but also to some extent 
Hbnls the water. It is very largely used under some circmn- 
Trtances, especially in the prelimLnary operations in sinking most 
wells. It is also snccessf ally used in lining the shafts of tho salt 
wells of Cheshire, and will continue entire in such a position for 
a great number of years, as the brine seems to have a tendency 
to preserve the timber and prevent its decay. Iron is of modem 
application, and is a material extensively employed in steining 
wdls; and, as it possesses many advantages over materials ordi- 
narily used, its use ia likely to be much extended. It is capable 
of bearing great compressive strains, and of effectually excluding 
the influx of all such waters as it may be desirable to keep out, and 
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is not liable to decay under ordinary ciretunstanees. Baldwin 
Latham mentions inetances in his practice where recomse hu 
JTnn. m- Tep been liad to the use of iron cylinders, whai 

it was found that four or five rings of hrid- 
work, set in the beet cement, failed to kee^ 
ont brackish waters; and, if the ongiui 
design had provided for the introduction of 
these cylinders, it would have reduced the 
cost of the well very materially. 
The woll-sinker has often, i 
his work, to contend with tho presence of 
' largo volumes of water, which, under ordi- 
nary circomstances, muBt be got rid of by 
■g pumping ; but by tho introduction of iron 
cylinders, "which can be Bunk under water, 
'^ tho consequent expense of pumping is saved. 
When sinking these cylinders throi^ 
water-bearing strata, various tools are need 
to remove the Boil from beneath them. T 
■ principal is the mizer, which consists of 
iron cylinder with an opening on the si 
and a cutting lip, and which is attached to 
a set of boring-rods and turned from above. 
The valve in the old form of mizer is sub- 
ject to various accidents which interfere widi 
the action of the tool ; for instance, pieces of 
hard soil or rock often lodge between flw 
valve and its seat, allowing the contents tfri 
run out whilst it is being raised throat^ 
water. To remedy this defect the 
well-sinker, Thomas Docwra, [designed 
introduced the improved mizer, shown of 
the usual dimensions in Tigs. 31 to \ 
Pig. 31 being a plan at top. Fig. 32 
elevation, Fig. 33 a plan at bottom, Fig. 3&: 
a section. Fig. 34 a plan of tho stop a, and 
t plan of the valve. It consists of an iron cr^lindai 




Btmical shaped at bottom, farmshed with holes for the escape 

of water, and attached to a central shank bj means of stays. 

I'jg. 34. The shank estoads somo 

7 inchos beyond the 

bottom, and ends in a 

point, while the upper 

j port of the shank has 

1 open slot, to form a 

J box-joint, Figs, 37 to 

39, with the rode. The 

conical bottom of the 

t'-^ mizer has a trianeular- 

Flg, M. , , , ° ,■ 

shaped openings on the 
t^v^ outside of this is fitted 
^ ' ' ' a strong iron cutter, and 
on the inside a properly- 
shaped valve, seen in 
"^ ^"' section and plan in Pigs. 

35 and 36. * When the mizer is attached 
to and turned by means of the boring- 
rods, the debris, sand, or other soil to he 
removed, being turned up by the lip of the cutter, 
enters the cylinder, the valve, whilst the mizer 
is filling, resting against a stop. After the mizer 
is charged, which can be ascertained by placing 
a mark npou the last rod at surface and noting 
its progress downwards, the rods are reversed 
and turned once or twice in a backward direc- 
tion ; this forces the valve over the opening and 
retains the soil safely in the tool. 

Fig. 40 is a pot mizer occaaionally used in 
such soils as clay mixed with pebbles ; there is 
no valve, as the soil is forced upwards by the 
worm on the outside, and falls over the edge 
into the cone. 

Mizors are fastened to the rods by means of the boi-joint, 
shown in Figs. 37 to 39, as a screw-joint would come apart on 
reversing. 
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As many as five or sis different sized mizors, ranging fron 
1 foot 6 inches to 9 feet in diameter, can be used succeeaiyelf J 
the smalleet commencing the excavation, and the larger ones 
enlarging it until it is of the Mq^nisito size. 

As an accessory, a pickei-, shown by the three views. Figs. 41 1 
to i3, Fig. 42 indicating its correct position when ii 
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is employed where the strata is too irregular or compact t 
effectnally cleared away by the cutter of the mizer. The picker J 

's fixed upon the same rods above thfti 
9 used simultaneoOB^d 

being raised and lowered with t' 

The cutting end of the picker fi 
frequently replaced by a i 
Figs. 44, 45. This useful tool r 
r scratches up the dfbrie thrown \ 




the 1 



mnge, and c 
the centre of the sinking, where it i 



uses it to accumnlsie i| 
again subjected to t 
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Briclc steining is executed either in bricks laid dry or in 
cement, in ordinary clay 9-incli work being used for large wells, 
and half-brick, or 4^ 
inch work, for small 

Figs. 4G and 47 show 
the method of laying for 
9-iiich work, and Fig. i 
48 for 4i inches. The ] 
bricks are laid i 
breaking joint; and to 
keep ont moderate land- 
spnngs clay pnddle or 
concrete is often intro 
duced at the back of the 
etemuig for most pur- 
poGee concrete is 
best as in addition to f 
its unpervions character 
it adds greatly to the 
strength of the steinmg 
A nng or two of bnek 
work m cement is often 
introduced at intervals 
varying from 5 feet to 12 
feet apart to strengthen 
the shaft and facilitate 
the construction of the 
well 

Toe much care cannot be bestowed njou the steining; if 
projerly executed it will effectually csclude all objectionable 
infiltration but badly made it may prove a permanent sonree 
of trouhlo and annoyance Half the wells condemned on 
account of sewage contamination really fail because of bad 
steining 
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WELL BORING. 



I 



Thb first metbod of well boring known in Enrope is tbit 
culled tbe Cbinese, in wblcb a cbieel susponded by a rope &nd 
Hurroimded by a tube of a few feet in length is worked up 
and down by means of a spring-pole or lever at the aurface. 
Tbe twisting and untwisting of the rope preventa tbe cbiBel 
&om always striking in the same place ; and by its continued 
blows the rock is pounded and broken. The chisel is withdrawn 
occasionally, and a bucket or shell-pump is lowered, having a 
hinged valve at the bottom opening upwards, so that a qnanti^ 
of the dibrig becomes enclosed in the bucket, and is then drawn 
up by it to the snrfitce ; the lowering of the bucket is repeated 
until the hole is cleared, and the chisel is than put to work 

Fig. 49 is of an apparatus, on the Chinese system, which 
may be used either for hem]>-rope or wiro-rope, and whioh WM 
originally made for hoop-iron. At A, Fig. 49, is represented 
a log of oak wood, which is set perpendicularly so deep in the 
ground as to penetrate the loose gravel and pass a little into 
the rock, and stand firm in its place ; it is well rammed witi 
gravel and the ground levelled, so that the butt of the 1<^ is 
flush with the surface of the ground, or a fow feet below. 
Through this log, which may be, according to tho depth of 
loose ground, from 5 feet to 30 feet long, a vertical hole is bored 
by an augei of a diameter cc[ual to that of the intended boring 
in the rock. On the top of tho ground, on one side of the hole, 
is a windlass whose drum is 5 feet in diameter, and the c<^ 
wheel which drives it 6 feet ; tho pinion on the crank axle ia 
6 inches. This windlass aeives for hoisting the spindle or drill, 
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of ft large diftmeter, in order to prevent short bfends in 
[, whicli would soon make it brittle. 
[ In all cases where iron, either hoop-iron or wire-rope, is need, 
£ d ameter of the drum of the windlass used must he sufliciently 
I to prevent a perma 



Itent bend 
opposite 



theu 



On 
' the 

I lover of un 
iqual leverage about one- 
Piird at the b do of the 
I and two thirds at the 
l)pposite side where it ends 
in a cross or broad enl 
where men do the work 
The workmen with one 
foot on a bench or plat- 
form rest their hands on 
a raihng and work with 
the other foot the long 
end of the lever In this 
way the whole neight of 
the men is made use of 
The lift of the bore bit is 
from 10 to 12 inches whith 



( the : 







the treadle from ''0 to 24 
inches h gh Bel w the 
treadle T is a sprmg j olc S fftstcned un kr the ptitf rm on 
which the men stand the cud of this sprmg polo is connected 
by a Imk to the w rking end of the lever cr to the rope 
directly and pulls the treadle down When the boro spindle 
is raised bT means of the trca He the spring pole imparts to it 
a sudden retnm and increases hy theso means the velocity of 
the bit and conBeijuontly that of the stroke downwards 

Thia method has been generally disiaed iron or vood rods 
substituted in the place of the rope and a variety of augers and 
chieela instead of the simple thiBsl, with appliances for clear 
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ing tlie bore-hole of dS)ri8. Figs. 50 to 56 s 
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BO ordinary set of well-boring tools. Fig. 53 is a flat chisdj 
Fig. 63 a V-ehisel ; and Pig. 54 a T-cliisel These chisels « 
made from wronglit iron, and when small are usually 18 inches I 
long, 2 J inches extreme breadth, and weigh some iit lb, ; the cat- [ 
ting edge being faced with the best steel. They are used for haid I 
rockB, and whilst in operation need carefully watching that they I 
may be removed and frosh tools substituted when their aides an 1 
Buffioiently worn to diminish tJieir breadth. If this circumstance 
is not attended to the size of the hole decreases, so that when a 
new ctuEel of the proper size is introduced it will not pass down 
to the bottom of the hole, and much unnecessary delay is 
oocaeioned in enlarging it. In working with the chisel, the 
borer keeps the tiller, or handles, in both hands, one hand being 
placed upon each handle, and moves elowly round the bore, in i 
order to prevent the chisel from falling twice, successively, in I 
the some place, and thus preserve the bore circular. Every I 
time a fresh chisel ie lowered to the bottom it should be worked I 
round in the hole, to teat whether it is its proper size and shape; J 
if this is not the case the chisel ranst be raised at once nitdV 
worked gradually and carefully until the hole is aa it should be. I 
The deaoiiption of strata being cut by the chisel can be asoec- I 
tained with considerable accuracy by a skilful workman ftom 
the character of the shock transmitted to tho rods, , 

When working in sandstone there is no adherence of the rock I 
to the chisel when drawn to the surface, but with clays the con- I 
trary is the case. Should the stratum be very hard, the chisel 1 
may be worn and blunt before cutting three quarters of an inch, t 
it must therefore be raised to the surface and frequently 
examined ; howtver, 7 or 8 inches may be bored without examJno- 
tion, should the nature of tho stratum allow of such progress J 
being mode. J 

Ground augers, Figs. 50, 51, and 5G, are similar in action td I 
thoso used for boring wood, but differ in shape and constniQ- 1 
tion. The common earth auger, Fig. 50, is 3 feet in length, 1 
having the lower two-thirds cylindrical. The bottom is par- 1 
tially closed by the lipa, and thei-e is an opening a little up onal 
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side (or the admisBion of soft or bndBed material. Augcre aro 
only ased for penetrating soft rook, clay, and Band ; and their 
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varied to suit the natnre 
'V of the strata traversed, being 
open and cylindrical foi clays 
having a certain degree of co- 
hesion, conical, and sometimes cloBed, 
in quicksands. Augers are sometimes 
i 10 feet, and are then 
very effective if the strata is sol't 
igh to pei-mit of their use. The 
I umde from 3 feet to 3 J feet 
1 length, of nearly tho Bame shape as 
lie common anger, eome times closed 
) the bottojn. Fig. 56, or with an 
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anger nose. Fig. 61; in either case Uiere is a clack or T&ln 
plficed inside for tdo pnrpoBe of retaining borings of a wft 
nature or preventing them from being washed out in a wd 
hole. Fig. 59 shows a wad-hook 
for withdmwiag stones, and Fig. 
58 a worm-anger. 

The Crow's Foot, Fig. 55, is 
naed when the boring-rods have 
broken in the bore-hole, for the 
purpose of extracting that por- 
tion remaining in the hole ; it is 
the same length, and at the foot 
the same breadth as the chisels. 
When the rods have broken, the 
part above the fracture is drawn 
out of the bore-holo and the 
crow's foot screwed on in place of 
the broken piece; when this is lowered 
down upon the broken rod, by careful 
twisting the toe is caused to grip the 
broken piece with snfBcient force to 
allow the portion below the froctnre to 
B bore-hole. A rough expedient is to fastan 
a metal ring to a rope and lower it over the broken rod, when 
the rod cants the ring, and thus gives it a considerable grip ; 
this is often very successful. Fig. 57 is a worm naed for tba 
same purpose. A boll-box, Pig. 60, is frequently employed fbt 
drawing broken rods ; it has two palls fixed at the top (rf 
hex, which rise and permit the end of the rod to pass when ' 
box is lowered, but upon raising it the palls fall and grip 
rod firmly. A spiral angular worm, similar to Fig. 57, is alsftl 
applied for withdrawing tubes. 

Of these withdrawing tools the crow is the safest and best, 
it may be used without that intelligent Bupervision and i 
absolutely necessary with the worms and wad-hooks, or 
bell-box. 

The boring-rods, Figs. Gl, 62, are in 3, 6, 10, 15, or 20 fe 




be drawn out o 



piiB, of wrought iron, preferably Swedish, aod arc made of 
BBrent degrees of strength according to the depth of the hole 






I which they are required ; they are generally 1 inch sqnaro in 
le end is a male and at the other end a female screw 
g the pnrpoae of connecting them together. The screw should 
not have fewer than six threads. One of 
J the sides of the female screw frequently 
splits and allows tlie male screw to be 
drawn out, thus leaving the rode io the 
hole. By constant wear, also, the screw 
may have its thread so worn as to become 
liable to slip. Common rods being most 
liable to accident should be carefully ex- 
amined every time they are drawn out of 
the bore-bole, as an unobserved failure 
may occasion much inconvenience, and 
even the loss of the bore-hole. In addi- 
Fig 63 ^"^^ ^° '■^^ ordinary rods there are short 
pieces, varying from 6 inchi 
in length, which are fiied at the top, a 
ing the rods at a conveuient height. 



to 2 feet 
required, for adjust- 




; Figs. 64 and 65, a lifting dog ; Fig. 
i, the tillers or handles by which the workmen impart a rotary 
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motdoii to the tools. The tillers are clamped to the 
boring rod at a conTenient height for working. Pig. SI, 

top rod with shackle, Tig. 67, a spring-lwA 

nae this should be freyuentlj exaniiMJ 

and kept in repair. 

Lining tubes are employed to prevent the bote- 

hole Mling in through the lateral swelling 

strata, or when passing through running sand. Tb» 

tabes are usuaJlj of iron, of good quality, soft, eaeilf 

bent, and capable of sustaining an indent without 

1 &acturc. Inferior tubes occasion grave and co6% 

accidents which are frequently irreparable, 

single bad tube may endanger the success of an 

"^' "'■ entire boring. 

"Wrought-iron tubes with screwed flush joints. Fig. 68, are to 

be recommended, but they are sopplied brnsod. Pig, 69 

riyoted, Fig. 70, and can bo fitted with steel driving collars 



shoes. Cast-iron tubes are constantly applied; thoy 
should have turned ends with wrought-iron collars 
and oonntersunk screws. 

Cold-drawn wrought-iron tubes have been used, 
and are very efFeotive as well as easily applied, but their 
tively high cost occasions their application to be limited. 

Fig. 71 shows a stud-block, which is used for sas 
tubing either for putting it dowu or for drawing it up. It 
of a block made to fit iuaide the end of the tube, and attaofaed 
the rods in the usual way. In the side of the black is Qsfid i 
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1 stud for slipping into a Blot, aimilar to a tayonet joint, 
in the end of the tube, bo that it mny be thus suBpondad. 
Figs. 72 to 74 show vatiotiB forms of spring-darts, and Fig. 75 
a pipe-dog, for tho same 
purpose. Sometimes a coni- 
cal plug, with a Bcrew cut 
around the outside for 
tightening itself in tho 
upper end of the tube, is 
used for raising and lower- 
ing tubing. Figs, 76 and 
77 are of tube clamps, and 
Fig. 78 tongs for screwing 
np the tubes. Fig. 79 ia 
of an ordinary form of 
sinker's bucket. 1 

Fig. 80 is a pipe-dolly, 




used for driving the lining tabes ; the figure shows it, in poai- 
tion ready for driving. 
When a projection in the bore-hole obstructs the downward 
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ooime of the limng trabee, the hole can be railarged belov 
pipes by means of a rimer, Fig. 81. It conaiBta of an iron ek 
to which is bolted two thin 
8tripH,bowedoutintotheform fT. f 
ofadrawingpen. Thorimeris ' 
screwed on to the boring rods, 
and forced down through the 
pipes ; when below the last 
length of pipe the rimer es- 
paude, and can then be turned 
round, which has the effect of 
scraping the sides and on- 
laigii^ that portion of the 
hole subject to its operation. 
rig. 82 is of an improved 
form of rimer, termed a rim- 
ing spring. It will be eeen 
that this instrument ia mnch 
Btrouger than the ordinary 
rimer, in conBequonce of the 
shani being extended through its entire length, 
thus rendering the scraping aetioH of the bowe 
very eSective, whilst the slot at the foot of the 
bows permits of its introduction into, and withdrawal from, tie 
tubing. 

In England, for small woita, the entire boring apparatns il 
frequently arranged as in Fig. 83, the tool being fixed at tl 
end of the wrought-iron rods instead of at the end of a rope, 
in the Chinese method. Eeferring to Fig. 83, A is the borii^ 
tool ; B the rod to which the tool is attached ; D D the leven 
by which the moa E E give a circular or rotating motion to the 
tool ; F, chain for attaching the boring apparatus to the pole (^ 
which is filed at H, and by its means the man at I tranonil 
vertical motion to the boring tool. 

The sheer-logs, mode of sound Norway epare not lees tl 
8 inches diameter at tho bottom, are pl&eed over the bore-holu for 
the purpose of supporting the tackle K K for drawing the ro<l« 
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tho Bcaffolding or aLeer-legs will allow, wiLen a man atE, Fig.81 
by poseing a hand-dog or a Icey upon the top of the rod m^ 
tho loweBt joint drawn itbove the top of the hole, takes d 
weight of tho rods at this joint, the men at L haviog loiven 
the rods for this pnrposo ; with another key tho I'odB are m 
screwed at this joint, the rope is lowered again, the Hfting-Jc 
pat over the rod, another top rod acrowed on, the roda lifta 
and the process continued until the chisel is drawn from 
hole and replaced by another, or, if neceasary, replaced by « 
other tool. 

When a deep boring is undertaken, direct from the 
he operation had best be conducted with the aid of a borii 
sheer-frame euoh as is shown in tho fivntiBpieco. This 
of a framework of timber balks, upon which are erected fo 
standards, 27 feet in height, and 9 inches X 1 foot thick, 3 fe 
8 inches apart at bottom, and 1 foot 2 inches at top, as seen 
the front and rear elevations. The etandords are tied by me 
roBs pieces, upon which shoulders are cnt which fit i 
mortise holes, and are fastened by means of wooden keys, 
standards being surmounted by two head pieces 6 feet Ic 
mortised and fitted. Upon the head pieces two independents 
cast'iron guide pulleys oro arranged in bearings ; over Hmu 
pulleys are led the ends of two ropes coiling in opposite direo- 
tions upon tho barrel of a windlass moved by spur gearing, aod 
having a ratchet stop attached to a pair of dii^onal timbera, oon- 
acted with the left-hand legs or standards of the sheers, nnl 
the ground. These ropes are used for raising or lowering Ita 
lengths of the boring rod. 

Eight feet bolow the bearings of the top pulleys, a pairof 
horizontal traverses is fixed across the frame, supporting emalltf 
pulleys mounted on a caet-fron fr^me, which is capable nf motioi 
between horizontal wooden slides. Over these pulleys is led I 
rope from a plain windlass fixed to the right-hand legs of th> 
frame, to be used for raising or lowering the shell to eitiK* 
the dSinn or rubbish from the hole. 

The lever, 15 feet long, and 9 inches x 6 inches in 8eotiMi,ii 
supported by an independent timber frame. It has a caet-ino 
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|p,f&8tGnod by meana of two iron straps, cast with Ings tbrongb 

neh bolts are passed, these being tiglitened with nuts in 
ordinary manner. The bearing-pins at a are IJ inch in 

meter, and also form part of the lower strap. Upon the cap 
n hook, to this a chain is attached carrying the spring- 
book which bears the top Bhacklo of the rods. The top of the 
bore-hole is surrounded by a wooden tube 1 foot in diameter, 
and snrroimded by a hinged valve, whose action is similar to 
that of a clack-valve ; this has a hole in the centre for the 
rods to pass np and down freely. The valve permits of the 
introduction and withdrawal of the tools, and at the same time 
prevents anything from above falling into the bora-hole. 

The lever is applied by pressure upon its outer end, and as 
the relation of the long to the short arm is as 4 to 1, a depression 
of 2 feet is the one case produces an elevation of 6 inches in the 
other,tLomumDum range of action, the maximum being 26inches. 

With the sheer-frame the boring tools are worked in the 
same manner as in the preceding airangements, Figa. 83, 84 ; 
bnt its portability, compactness, and adaptation of means to the 
required end, render its use desirable wherever it is possible to 
obtain it. 

When in the progress of the work it is found that the auger 
does not go down to the depth from which it was withdrawn, 
after trial, tubing will generally he necessary. Tho hole should 
be enlarged from the surfaee, or, if not very deep, coromonced 
afresh from the surface with a larger auger, and run down to 
nearly the same depth ; the first length of tube is then driven 
into the hole, and when this is effected another tube, having 
similar dimensions to the £rst, is screwed into its upper end, and 
the driving repeated, and so on until a sufficient number of 
pipes have been used to reach to the bottom of the hole, K the 
ordinaiy auger is now introdneed through these tubes it will 
have free access to tho clay or sand, and after a few feet deeper 
have been bored another pipe may be screwed on, and the whole 
driven farther down. In this way from 10 to 20 feet of soft 
stratum may be bored through. If the thickness of the enrfa^e 
day or sand is conaiderabl© the method here mentioned will not 





be effective hb the fi ction of the pipes caneed 
1 J the preesnre of the strata will be bo great 
that perhapB not mure than 80 or 100 feet csa 
be dnvtn without the p pes being injured. 
It vill then be necessary to put down flio 
first part of the bore hole with a large anger, 

nd drive in pipes f larger diameter ; tbs 
hcle IS oontnucd of smaller diameter, and 
1 ntd w th umaller tabes projecting beyonl 
Ihe large iubes as m Fig. 86, until tha 
itecesB ty for thoir aso ceaaos. It will he 
evident that to ensure success the tubings 
whatever it is made o^ should be as truly 
cylindrical as possible straight, and & 
surface bcth outside and in. It will ( 
be evident that m thus joining pieces of 
tubing tuguther the thickness ought to have 
a duo pr portion to the work ro- 
il 1 red and the force IiLely to be 
used in screwing or driving them 
down Wrought iron tubes, when 
driven must be worked carefully, 
by means of a ring made of 
wrought ron from IJ to 2 inches 

n he ght and J inch thick, and 

f the form shown in Ihg, 86; or 
Iriven with » pipe-dolly such a 
that in Fig. 80. The ring, or the | 
(lolly, is screwed into the lower 
most boring rod and worked at the 
litame rate and in a similar niann' 
chisel, due regard being had to the depth d 
which the driving is being done, as the wdglil 
of the boring rods will materially affect tl 
strength of the blow delivered. Cast-in 
tnbing may be driven hard with a monkej! 
To withdraw broken or defective tnUnj 
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qnickly, two liooka attached to ropes are lowered down from 
opposite sides of tLe bore-hole, caught on the rim of the lower- 
most tnbe, and power applied to haul the tubing up bodily. 

Pigs. 87 to 91 show good 
methods of forming tube o 
pipe joints both in cast and 
wrought iron, when not 
Borewed. 

P. 8. Eeed, an English 
mining engineer, gives the 
following instance of re- 
placing defective tubing in ^^^- *'* 
a boring which had been pursued to the depth 
of 282^ feet, but which, owing to circumstances 
which were difficult to determine, had become 
very expensive, and made slow progress. 

The 582i feet had been bored entirely by \^ 
manual labour; but Reid recommended the 
erection of a horse-gin, i 
which the power was applied 
to a 40-inch drum placed upon 
a vertical axle, the arms of ' 
which admittad of applying 
two horses, and men at plea 
sure, the power gained beiuj 
in the proportion of one t 
ten at the starting-point for 
the horses. 

Upon the upright drum a ng. m. Fig.si. 

douhle-*nded chain was attached, which worfeed over eheer-legs 
erected immediately over the hole, so aB to attain an off-take for 
the rods of 60 feet, and so as that, in the act of raising or lower- 
ing, there might always be one end of the chain in the bottom, 
ready to be attached, and c:{pedito the work as much as possible. 

These arrangements being made, it was soon found that 
there was a defect in the tnbiug which was inserted to the depth 
of 109 feet, and the defect was so Berious, in permitting the sand 
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to dcEcend and bo again bronght up witb the boring toolEi, ae to ' 
tender it very difBcult to tell in what strata they really were; 
this increased to such a degree as to cause the gilting up of the 
a Binglo night to the extent of 180 feet, and it occupied 
nearly a fortnight in clearing the hole out again. 

On carefully examining into this defect, it appeared that Ha 
water rose in the hole to the depth of 74 feet from the sur&ce; 
and that at thig point it waa about level with the high-tratei 
mark on the Tees, about two miles distant, with which it waa 
no doubt connected by moans of permeable beds, extending 
from the arenaceous strata at a depth of 100 feet. 

On commencing to bore, the motion of the rods in the hole 
caused the vibration of the water between a range of 40 feet at 
the bottom of the tubing, and so disturbed the quiescent saud u 
to cause it to run down through the faults in the lower end of 
the tubing. 

This tubing was made of galvanized iron plates, riveted 
agether and soldered ; at the top of the hole it was in three 
concentric circles, which had been screwed and forced down 
successively until an obstacle was met with at three different 
places. So soon as the outer circle reached the first depth, aH 
hope appears to have vanished, from those who bored thft 
earlier part of the work, of getting the tube farther ; a seconT 
Inibe was, therefore, inserted, which seems to Lave advanced si 
for as the second obsfacle, whore it, in its turn, was abandoned 
i third one advanced until it rested in tlie strata at tin 
lower part of the lias freestone of a blue nature, as found oi 
the rocks at Scaton Carew, and in the bed of the Loven, neii 
Button Endby. The diameter of the fii-st tubing was SJ inoheK 
external and 3J inches internal ; the second tube was 3^ i 
^ external, and 3 inches internal diameter ; and the third tuba 
^L was 2f inches external and 2^ inches internal diameter. 
^M Such being the account gathered from the workmen wbo 

^B superintended the earlier part of the boring, it became necessai^ 
H to decide upon the best cause to remedy the evil. At first eight 
H it would have appeared easy enough to have caught the lowet 
H end of the tubes by means of a fish-head properly contrived, 
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thus to have lifted tbem out of tlie hole, and replaced them 
with a. perfect tube, eucli as a gas-tnbe, with faucet screw-jointa ; 
but, on attempting this, it soon became evident tbat however 
good the tubing wbicb might have been adopted, it would be a 
work of the greatest difficulty to extract when once it was 
regularly fixed and jammed into its place by the tenacious 
clayey strata surrounding it ; and the difSculty of extracting it, 
in the present ease, was even enhanced by the inferior quality 
and make of the tubing; in short, that, unless by crumpling it 
up in such a manner as to destroy the hole, it was impossiblB to 
extract this tubing by main force. 

There was, therefore, no other choice left but to attempt 
cutting it out, inch by inch ; though before doing so, force was 
applied to the bottom of the tubing, to the extent of upwards of 
30 tons, the only result being the loss of several pieces of steel 
down the hole, which had to be brought up with a powerful 
magnet. 

After much mature consideration and contrivance, it was 
determined to order such tubiug as would at the same time 
present as little obstacle as possible to the clay to be passed 
through on the outside, ns well as sorround the largest of the 
three tubes then in the hole, and present no obstacle to their 
being withdrawn through its interior. 

These tubes were made 12 feet in length, flush outside and 
in, the lower portion being steeled for 6 inches from the 
bottom end, so as to out its way and follow down the space, and 
cover tbat exposed by the old tubes when cut and drawn, as 
shown in Fig. 92. 

In order to commence operations, and avoid too much clay 
going down to the bottom of the hole, a straw-plug was firmly 
fixed in the lias portion of the bole. The lower portion of the 
new tubes was thon screwed aronnd the old onos by means of 
powerful clamps, attached to the exterior in such a manner as to 
avoid injuring the snifaee; and when they could be screwed no 
farther, the knife or cutter, Figs. 92 to 94, was introduced inside 
tho old tubing. Some force was needed to get this knife down 
into tbo tubing, but the spring a giving so as to accommodate 
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tubings, leaving the new ones firmly bedded into the lias forma- 
tion, 112 foet from the sni'liLce, and the hole was anbaeqaontly 
bored to a depth of 710 feet in the new red Bandetone forma- 
tioa, proceeding at the rate of aboat 3 feot in the twelve honra, 
and leaving the hole bo bb, if requifiito, it might bo widened ont 
to 4 inches diameter. Fig. 92 showa the action of the knife and 
spring-cntter when forced down into the tnbing, ready to com- 
mence cutting. It also shows the lower end of the new tnbing, 
enclosing the others at the commencement of the work. The 
joints of the new tnboB were made by moans of a half-lap screw. 
Fig. 94 is a bock view of the knife or cutter 6. Fig. 93 showa 
the action of the spring and cutter when the requisite length is 
cnt through and re»dy for lifting; the position of the tube being 
maintained perpeadicular, or nearly so, by the hall or thicken- 
ing on the rods at K, and the lower end of the tube being sup- 
ported by the projecting steel cutter at 6, the dotted lines from d 
showing the position of the new st«el-onded tube when screwed 
down ready for another operation. In boring deeper after the 
tubes were removed, three wooden blocks were used round the 
rods in the new tube to keep them plumb. 

In some cases it is necessary to widen out holes below the 
sharp edge of tubing, so as to permit its descent. This is 
effected with a rimer, Figs. SI and 82, and is an operation 
roquiiing great caro and attention. 

To reduce the stoppages for the withdrawal of dSiris the 
system of Fauvclle was introduced, but it is now very little 
practised on the Continent, and not at all in Great Britain. 
The principles upon which it was founded were: first, that the 
motion given to the tool in rotation was simply derived from 
the resistance that a rope would oppose to an effort of torsion ; 
and therefore that the limits of application of the system were 
only such as would provide that the tool shoald be safely acted 
upon ; and, secondly, that the injection of a current of water, 
dceeeniliug through a central tube, should wash out the debris 
created by the cutting tool at the bottom. The difBculties 
attending the removal of the d^ria were groat ; and though 
the system of Fauvollo answered tolerably well when applied 
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they lift tlieir hande suddoiLly, thus slackening the ropes Uifl 
allowing the monkoy to deeccnd with its full weight on to llifl 
clamp. The monkey is steadied bj a third man, who atal 
ossieta to force it down at each descent. This man, likewiBtl 
from tiine to time, with a pair of gas-tonge, tuma the tnlM 
round in the ground, which assists the process of driving piM 
ticnlarly when the point cumcs in contact with stones. I 

Particular attention must be paid to the clamp, to see &ii U 
dooB not move on the tube ; the bolts must be tightened 19 H 
the first appearance of aaj slipping. 1 

When the clamp has been driven down to the ground, tbd 
monkey is raised off it, the screws of the clamp are Blackeuefl 
and the clamp is again screwed to the tube, about IS indbuM 
2 feet from the ground. After this, the monkey is lowered id 
to it, and the pulleys are then raised uutU they are again 6 tr' 
7 feet from the ground. 

The driving is continued until but 5 or 6 inches of the well 
tube remain above the ground, when the clamp, monkey, aitd 
pulleys are removed, and an additional length of tube acrewud 
on to that in the ground. This is done by first ecrewing • 
collar on to the tube in the ground, and then screwing the nert 
length of tube into the collar, till it huts against the lower 
tube ; a little white-lead must be plticed. on the threads of tlw 
collar before the ends of the tubes are screwed into it. 

The driving con thus bo continued until tho well baa obtaiitsl 
the desired depth. Soon after another length has been added, 
tho upper length shonld he turned round a little vrith the g»»- 
tongs, to tighten the joints, which have a tendency to hecoM 
loose from the jarring of the monkey. Oaro must be takel^^ 
after getting into a water-bearing stratum, not to drive throng 
it, owing to anxiety to get a largo supply. Prom time to timB, 
und always before screwing on an additional length of tube, Om 
well should he sounded, by means of a small load attached tot 
line, to ascertain the depth of water, if any, and character of tlw 
earth wliich has jMinotrated through the holes perforated in 
the lower part of the well tube. As soon as it appears that th« 
well has been driven deep enough, the iJomp is screweil 
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th« ti>p and the water di'aivu up. It usually happens that the 
Wftter is at &eet thick, and comes in bat small ijuautities; hut 

lifter pnmpmg for soma little time, as the chamher roimil the 

bottom of the well becomes enlarged, the qnantity increases 

and the water becomes clearer. 
When sinking in gravel or clay, the bottom of the well tube 

i> liable to become filled up by the material penetrating through 

the holes ; and before a supply of water can bo obtained, this 

■ecnmulation mnst be removed by means of the cleaning pipes. 
The cleaning pipes are of small diameter, ^-iiich externally, 

snd the several lengths are connected together ia the 

M the well tubes, by collars s 

tie adjoining end of two pipes. 
To clear the well, one cleaning pipe ailier 

SMlhcr is lowered into the well, imtil the 

lower end touches the accumulation , the pipes 

fust be held carefully, for if one were to 

^p into the well it would be imposaible tn 

get it out without di-awing the well. A pu]ii; 

"s then attached to the upper cleaning pq 

't means of a reducing socket; the lowei i i 

"f the cleaning jiipe is then raised and h 1 1 

"wnt on incli aboTo the accumulation 1 

ttiisuis of the gafi-tongs : water is ne^t pom 

Jown the well outside the cleaning pipe a: 1 

Ifing pumped up through the cleamng 1 1\ 

triu^ np with it the upper portion of tli 
Mnmulation; the cleaning pipe is gradiu^lv 
lowered, and the pumping continued until fhc 
"hole of the stuff inside the well tube is n - 
moved. Tho pump is then removed from the ; 
Dleaniag pil>e, and the cleaning pipes oi 
Irawn piece by piece ; and finally the pump is ; 
icrewed ou to the upper end of the tube nell, 
^, 96, which is then in working order 

The tube being very small, is in itself capable of containing 
nlj a limited eapply of water, which would be eflmasted 
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its diameter was 3 feet ST^'ncli^i 1 metre. T]ic roda were of 
oak, about 8 incheB on the side, and the dimeBsiona of the 
cutting tool were limited to 3 feet Sy'^inchee because it worked 
the wholo time in water; but generally the clasB of borings 
Kind undertook were of such a description as justified resorting 
to tools of great dimensionB. Whon sinking the shafts foe 
winning coal, his operations required to be carried on with the 
full diameters of 10 feet or li feet ; and lie then droye a boring: 
of 3 feet 4 inches diameter in the first instance, and subW 
quently enlarged this excavation. There can he no objection 
to executing Artesian borings of this diameter, other than thft 
probable exhaustion of the Bupply; particularly as it ia now 
known that the yield of wal«r by these methods is propoe 
tionato to tbo diameter of the column ; though, straage as it 
may appear, the first opposition to Kind's plan of sinking 
well of Fasey was founded upon the assumption that he would 
not meet with a larger supply of water from the eubcretaceon 
formations than had boon met with at Grenelle, where the 
meter of the boring was at the bottom not more than 8 ii 
It is now, however, proved that there is a direct gain in adopt- 
ing the larger borings, not only as regards the quantity 
water to he derived from them, but also in their 
arising from the fact that the tools can be made m 
against the effects of torsion or of concussion against the eidi 
of the excavation, which is the canse of the most serious aoc^ 
dents met with in well sinking. 

The trepan of M. Kind contains some peculiar details, wliidl 
are shown in Figs. 97, 98. The trepan is composed of two pris' 
cipal piooes, the trame and the aims, both of wroi^ht iron, with 
the exception of the teeth of the cutting part, which are of cast 
steel. The &ame has at the bottom a series of holes, sltghtlj 
conical, into which the teeth are inserted, and tightly wedged 
up, Fig. 99. These teeth are placed with their cutting edges OB 
the longitudinal axis of the frame that receives them ; and it 
the extremity of the &ame there are formed two heads, forged 
out of the same piece with the body of the tool, which idfl4>| 
carries two teeth, placed in. tho same direction as the others, 
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double their width, in order to render this part of the tool more 
powoi-ful. By increaHing the dimoiiBionfl of these end teeth, the 
diameter of the boring 

to compensate for the 
diminntiou of the clear 
eptice caused by the 
tubing, necessarily in- 
troduced for security 
a. traversing strata 



posed to fall i 



r for 




( ^4°Fi^PM ^ 



the purpose of allowing 
the water from below to 
escape at an intermediate 

Above the lower part 
of the frame of the trepan 
IB a second piece com- 
posed of two portH bolted 

together, and made to ilr. jj. 

support the lower portion of the frame. This part of the 
machinery also carries two teeth at its exti'emitioB, which serve 
to guide the tool in its descent, and to work off the asperities left 
by the lower portion of the trepan. Above this, again, are the 
gaidos of the machinery, properly speaking, consisting of two 
pieces of wrought iron, arranged in the form of a cross, with 
the ends turned up, so as to preserve the machinery perfectly 
vertical In its movements, by pressing against the sides of the 
boring already executed. These pieces are independent of the 
blades of the trepan, and may be moved closer to it or farther 
away from it, as may be desired. The stem and the arms are 
terminated by a single piece of wrought iron, which is joined to 
the frame with a kind of saddle-joiut, and is kept in its place by 
means of keys and wedgos. The whole of the trepan is finally 
jointed to the great rods that communicate tho motion from the 
enrface, by means of a screw-coupling, formed below the pari of 
the tool which beats the joint ; thia arrangement permits the 
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froe fell of the cwttitig part, and unites the top of tiie tmt i 
frftiDd, MiJ tie rud. Fig. 100. It has been proposed to Bubatil 
for this Bpniw-toiipling a keyed joint, in order lu kiM 
tlui inoouvQuionco frequently found to attend the muting 
of tho uorcw, which often interpoees great difficoItiM ti 
0IUK« where it bocomeH nacoseaiy to withdraw tho topio. 
Tho sliding joint is the part of Euyenhauaen's inwn- 
tiim moBt imhoBitatingly adopted by Kind, and it is (oie 
n of tho poeuliftrities of his system as contrasted with tbe 
prooosflOB formerly in nso. So long as his opentiau 
wore oonflncd to the wnall dimensions usually adopted ftr 
Artesian borings, he contented himself with maktng I 
dcBoriptiou of joint with a free fall ; a simple moyeiMri 
of disongagoment regulating tho height fised by tha da- 
ohinory itself, like tho full of the monkey in a pile-dririDg 
machine; but it was found that this system did not answst 
when applied to largo borings, and it also presented ter- 
tain dongors. Kind then, for the larger class of borings, 
availed liimsolf of sliding guides, so contrived ae to be equally 
thrown out of guar when the machinery had come to the end (^ 
the strokd, iiud nmiiitained in their respective jwsitdons by being 
nudo in two pieooa, of which the inner one worked npon slido, 
auoTing ftflely in the pieoo that communicated the motion to ibe 
striking i»rt of tho jnachineiy. The two parts of the tool were 
oonnocttid with pins, and with a sliding joint, which, in the 
Passy well, waH tlirowu out of gear by the reaction of "the 
column of wator above tho tool unloosing tho click that upheld 
the lower part of the trepan, Figs. 101 to 109. The chaugee 
thna mailo in tho usual way of releasing the tool, and in guiding 
it in its fall were, howevor, matters of detail ; they involved no 
' new principle in the manner of well boring : and tho modern 
authorities ni>on the subject consider that there was something 
deficient in Kind's system of making the column of water act 
upon a disc by which the click was set in motion. This system, 
in fact, required the presence of a colomn of water not always 
to be commanded, especially when the borings had to 
«ated in the carboniferous strata. 
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defective, bccaaso all are cstabltBhed on the Bnpposttion thil 
tlio comminuting tool must be withdmwn, in order tliat the shell, 
or other tool intended to reraoTe the products of the working 
thfl comminutor, may be inserted. This remark applies to Eisd'B 
A ojiemtions at Passy and elsewhere, ns he remotal 

11 the rock detached from the bottom of the eioavutios 

j& by a Bhell, Figs. 105, 106, which was a mcidificaticB 
^ ^V of the tool he invariably employs for this pnrpoMi 
— II — \ It consiBtod of a cylinder of wrought iron, suspended, 
from the rods by a frame, and fastened to it, a littl> 
bolow the centre of gravity, so that the operati< 
upsetting it, when loaded, could be easily- performed^ 
This cylinder was lowered to the level of the 
workings of the trepan, and the materials alreodf 
detached by that instrument were foroed into the 
tool, by the gradual movement of the latter in a vw- 
tical direction. Some other implements, omploytd 
by Kind for the purpose of removing the prodncb 
of the excavation in the shafts for the coal-mines 
the North of France, wore ingenioos, and well 
to the large dimensions of the shafts ; but they 
;o degree, exposed to the danger of becoming filed, il 
a small borings of Ai'tesian wells, by tlio minuta par- 
ticles of rocks fnlli ng down between their sides and the escan- 
tion fi'om above. Their use was therefore abaudonud, and Qi* 
well of Passy was cleared out -with the shell, the bottom of whi^ 
was made to open upwards, with a hinged flap, which admitted 
the finer materials dotached by the trepan. There were ilio 
eeverol tools for the purpose of withdrawing the broken paiU 
of the machinery from the excavation, or whatever Bubetanoei 
might fall in from above ; and all were marked by a 
degree of Bimplieity, but they did not differ enough &om 
generally used for the same purpose to merit further 
In fact, the accidents intended to bo guarded against ( 
medied are so precisely alike in all cases, that there ci 
little variety in the manufacture of these instruments. 
there is no doubt that Kind deprived himself of a vali 
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iace in not using tke liaU-clack, la eoapape a bonlet, that 
"well-borera employ, Fig, 107. 
Paasy great strength was given to the head of the striting 
and to the part of the machinery applied to torn 
tepan, heeanso the great weight of the latter 
induced the danger of its breaking off under the 
ooe of the shock, and beeause the solidity of this 
yt the machinery necesBarily regulated the whole 
iig of the tool. The head of the boring arrangc- 
ivas connected with the balance-beam of the 
-«ugiue by a straight link-chain, with a screw- 
ing, Bdmitting of being lengthened as the trepan 
ttded. Figs. 108, 109. The balauee-beam, in order 
irease its elastic force in the upward stroke, is 
ind's worts made of wood, in two pieces ; the 
jono being of fir and the lower one of beech. The whole 
) machinery is pnt in motion by eteam, which is admitted 
'Upper part of the cylinder, and praHses 
'a, and thus raises the tool at the other 
t the beam to that part in connection 
ite cylinder. The counterpoise to the 
i of the tools is also placed upon the 
iBT-end of the beam. The cylinder ro- 
the eteam throngh ports that are opened 
iosed by hand, like those of a stcam- 
ia; so that the number of the strokes 
^aton may be increased or diminished, 
^ length of the strokes may be in- 
3, as occasion may require. 
i[ balance-beam is continued beyond the 
where tho piston is connected with it, 
goes to meet the blocks placed to check 
foe of the blow given by the descent 
tooL The gnidea of the piston-head 
(ached to tho pai't of the machinery 
l£ta in this manner; but at Passy, 
mode the balance-beam work upon two free pli 
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blocks, or blocks haying no permBnent cover, that tbey miglit 
be more easily moved wheuever it was neceeBarj to displace tlu 
beam, for the purpose of taking up or letting down the rode, oi 
for changing the tools; for the balance-beam was alwaje inuDft- 
diately over the centre of the tools, and it therefore had to bt 
displaced every time that the latter were required to be ohoDged. 
This was effected by allowing the beam to slide horizontally, 
as to leave the month of the pit o^ea. The coanter^ed^ 
above mentioiied, likewise prevented the piston from Etriking. 
the cylinder cover vri.th too gi'eat a force, whea it was brought 
back by the weight of the tools to its original position. The 
operation of raising and lowering the rods, or of changing the 
tools, was performed at Fassy by a separate Bteam-eiigine, and 
the shell was discharged into a special truck, moving upon 
railway expressly laid for this porpose in the great tower erected 
over the excavation. All thcEe arrangements were in tact made 
' with the extreme attention to the details of the various parts of 
the work which characterizee the proceedings of foreign engi- 
neers, and conduces so much to their aaccess. 

The beating, or comminution of the rock, was usnally effected 

at Fassy at the rate of from fifteen strokes to twonty atrokee i 

minute. The rate of descent, of course, differed in a marked 

manner, according to the nature of the rock operated upon ; bnV 

generally ajieaking, the trepan was worked for the space of 

about eight hours at a time, after which it was withdrawn, and 

the shell let down in order to remove the ddirts. The average 

number of men employed in the gang, besides the foreman, cs 

the superintendent of the well, was about fourteen : they 

sisted of a smith and hammerman, whose duty it was to keep ^N 

tools in order ; and two shifts of men entrusted with the e 

vation, namely, an engine-driver and stoker, a chief woiki 

K or sub-foreman, and three aseistasts. The total time empli 

^M in sinking the shafts executed upon this system in the North (t 

^M France, where it has been applied without meeting with 

^1 accidents encountered in the Fassy well, was found to be 

^B tible of being divided in the fallowing manner : &om 26 

^K cent, to G6 per cent, was employed in manceuvring the trepan 
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from 11 per cent, to 14^ per cent, in raising and lowering tlie 
tools ; from 19 per cent, to 21 per cent, in removing tlie niate- 
riala detached &om the rocks, and cleaning out the bottom of the 
excavation ; and from 8 per cent, to 10^ per cent, was loBt, 
owing to the stoppage of the engines, or to the accidents £rom 
broken tools, oi to other oanscB always attending these opera- 
tions. In the well of Paesy there was, of comse, a considerable 
difereuce in the proportions of the time employed in tho TariouB 
details of the work ; and the long period occupied in obviating 
the effectB of the slips which took place in the clays, both in 
the basement beds of tho Paris basin and in tho Hubcretaceons 
Btratii, wonld render any comparison derived from that well of 
little value ; but it would appear that, until the great accident 
occurred, the various operations went on precisely as Kind had 
calculated upon. 

KiND-CHATmEOH Sthtbm. 

In tho year 1872 Emerson Bainbridge, C.E., drew attention 
to the Eind-Chaudron system of sinking mine shafts through 
■water-bearing strata, without the nse of pumping machinery, in 
a paper read before the Institute of Civil Engineers. As the 
_ operation ia almost identical with, that which would have to be 
carried throogh in the case of a well sunk through an upper 
aeries of water-bearing strata, of minor imiwrtance or of impnre 
quality, past rock and into the lower water strata, as for instance 
throngh tertiaries and chalk into the lower greensand, the 
following extract from Bainbridge'a paper may be read with 
interest. 

In the first place, it may be desirable to describe briefly the 
system of siiddng hitherto pursued in passing through strata 
yielding largo quantities of water. The most important sink- 
ings of this character have been carried out in the county of 
Durham, to the east of tho point at which the Permian overlie 
the carboniferous rocks. In this district there ia a thin bed of 
sand between the Permian rock and tho coal measures. Towards 
this bod the feeders of water are generally found to increase, 
and in the sand there is usually a largo resorvoir of water. The 
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jifficieutly hard Emd close to separate the foedGie above and 
elow it, is reucLed, the shaft is cuutracted to the diameter 
f the tubbing, and a smooth horizouto.! face is made on which 

3 place the wedging crib. The wedging crib, which ueuaUy 
onsiets of segments about 4 feet long by 6 inches high by 

4 inches wido, is then placed on the bed. To gi^e the crib a 
.rm and secure position, it is tightly ivedged with wood, both 
•ehind and between the joints; the tubbing is then built upon it 
o tlie next wedging crib, which rests upon a bell-shaped aectioa 
if root. When tho tubbing nearly reaches this crili, the rock is 
■cmoved piece by piece, and the top ring of tubbing is plaoetl 
dose up against the crib. It will thus be seen that the fixing of 
«ch crib is a coBtly process, often causing considerable delay. 

In some casQS, where it has boen difficult to find suitalda 
oundationa for intermediate wedging cribs, the whole of the 
vatoT-beai'iug rocks have been sunk through without ftttempting 
,o stop the feeders separately, and no tubbing has beon placed 
n the shaft till the wedging crib could be fixed below the lowest 
eeder. This process is mure expeditious where there are small 




^nantities of crater, but nhero the water i. 
lelay is caused by contending with it than from putting in 
lumerouB seta of tubbmg to Btop the feeders separately The 
iubbing used in England has almost mvariably beeu of cast 
ron ; on the Continent, till recently, tubbing of wood has chiefly 
jeen used. Illustrations of both descriptions are shown by 
Figs. Ill aad 112. 
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for heavy weights. The eontinnal 
pumping, the placing of cribs, and 


J 




^ 


the fising of the tubbing are pro- 


' 




ceeded with till tlio lowest feeder ifl 




n 


:■■ 


reached, when a hard bed is sought 






'■ 


for on which to fix tho lowest wedg- 1 
ing crib. In all oasos the water has 






■^ 


to be pumped out before tho wedging 


it 


;_ 




1 


each set of tubbing, con be placed. 






From this description it will be 




J- 




^ J- r 


' 


number from ten to twelve at one 


■ l@^ 


time, working four honrs at a shift 


■ 


in a pit, say, li feet in diameter, are 


^H compellecl to work in water until all the tubbmg is fixed. This J 


km 


J 
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es a serioua obEtncIe to blaBting, Eind is other ways delays 
progress of the work. 

The tubbing used for damming back the 
WBtor is generally in aegmenta from 

|*y ■V1l^\. ^ ^^^^ *" '^ ^'^"^ ^ig^T "-^^ about 
w iii i LLjj.j.j^jfc Mi\. 4 feet in length, the thicknoBe . 
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Tuying from half on inch to 3| inches. It is kept in positioo 
by paoking with wood beliind the joints ; and is made water-tigU 
by placing between tlie 
segments pieces of wood 
sheeting abont balf an 
incb thiok, wbicb are 
wedged when all the tub- 
bing is fixed, usually twice 
with wood, and sometimes 
once with iron wedges. 

To equally the pree- 
Bure of water and gas 
behind the different sets 
of tubbing, pass pipes, 
Figs. 115 and 110, are 
Another expedient to effect 

8 is to have a valve, working npwards, 
I plaoed in the wedging crib, Fig. 117. 
jail is also sometimes need, Fig. 118. 

The varions modes of piercing beds of 

quicksand are ; — By hanging tubbing to 

that already fixed, and adding besh riuj 

as the sand is removed. This is onl] 

practicable when the quantity of eand 

inconsiderahlo. By heavily weighting 

cylinder of iion of the 

shaft, and thus forcing it down throogh 

^m ' '*^HHS^ ''''^ sand. By keeping bock the eand bj 

^ft ^^■Kn — the use of piles — a rosonrce that can only 

^H ^^P;-'] he recommended when the bed of sand i» 

^L H»1 / ""*' "^ S^e** thickness. When the water 

^^H -^l^B ' — '^ excessive, by nsing pneumatic agenoy> 

^^^1 iK ^^ these operations aro apart &om one 

^^V 9f^ ' " "^<^^°^^^ subject we need not fnrtber 

I 

^H the foUoT 



M, Chaudron'a system, which ia » 
modification of Kind's, is divisible into 
the foUomng distinct processes, which eonaJBt of; — 
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fi erection of the neceBsary macticery on the surface, and 
^eoing of the mine. 
' e boring of the pits to the lowest part of the water-bearing 

e placing of the tabbing. 

9 introduction of cement behind the tubbing to complete 
Oidity. 

e extraction of the water &om the pita, and the placing of 
e wedging cribs, or " fiins cuvelago," below the mosa box. 
FigB. 119 to 121 show in elevations and in plan the plant 
nsuallf employed on the auc- 
face. is a small capstan 
aigine, having a cylinder 20 
inches in diameter and a 
etroke of 32 inehea, working 
on the third motion. At- 
tached to this engine, and 
jrking in the email pit 0, 
is a counterbalance 




This engine is nsed for raising and lowering boring tools, and 
for lifting the dS)ris resulting from the boring. As far as the 
platform, which is about 10 feet from the surface, the pit has a 
diameter of 19 feet, or i feet more than the diameter of the pit 
below. A at level of about 38 feet above this platform there ia 
h2 
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a tramway on whiob small trucks mu, canying the 
cylinder on one Bide, and tlie boring toole on the other, 
level of i8 feot above the platfurm are placed sapports tot 
wooden spears fo which the boring toola are attached. '' 
machinery for boring is worked by a cylinder, which haa > 



meter of 39^ inches, and a full stroke of 39^ inches, tl 




stroke varying &om 2 fe'et to 3 feet. A massire beam of 
transmita motion from this cylinder to the boring appaiatoB 
connection between the beam and the piston-rod and the l 
and the boring tools being made by a chain. The engines 
Hits cloee to the engine, and applies the steam above the ju 
only. The down stroke of the boring tools ia caosed by 
sndden opening of the exhanst, and a frame then prevents 
shock of the boring rods from being tuo aovere. The 
work at speeds varying from 12 to 18 atrokes a minnta, 
ing to the character of the strata pasaed throngh. 
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ter the workiag platform ie fixed, ihe fi^t boring tool 
^lied is the emaU trepBn, Figs. 192 to 126. This tool ia 
Khed to the wooden beam hj the same arrangement shown 
' Fig. 109. Tho 
ing tools can be 
1 at pleafioie 

crew. Next 

I order comes the 

mdle for boring. 

' " i is worked by 

on the 

tatform, and is 

cned by the aid of 

Kflwivel. Attached 

t the baudle-picce 

wooden rods, 

&om Biga 

, pine. These 

) foot in 

;h an J 7-J inches ' 

, A swivelled ' '"*"■" 

'igs. 126, 127, ia attached to the rope when raising and 

fWering the boring rods. The small trepan cnts a hole 4 feet 

{ inches in diameter, and has fonrteen teeth, fitted in cjlin' 

1 holes and secored bj pins entering through circular slots. 

B teeth are steeled. At a distance of i feet i inches above 

B main teeth of the trepan thore is bji arm, with a tooth at 

h end. This piece answers the purpose of a guide, and at the 

e time removes irregolarities &Dm the sides of the hole. At 

pittance of 13 feet 6 inches above the main teeth are the actual 

i, consisting of two strong anna of iron fised on the tool, 

i placed at right angles to each other. Tho hole made by the 

lall trepan is not kept at any fixed distance in advance of the 

fhll-sized pit, but the distance generally varies from 10 to 30 

yards. With the small trepan, which weighs 8 tons, the progieas 

Tarieafrom 6 to 10 feet a day. 
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The largo trepan, FigB> 
128 tol30, weighs lej tons, 
is forged in one solid piece, 
and has twenty-^ight teeth. 
A projection of iron formB 
the centre of this trepan, 
and £te loosely into the 
hole mode by tho smsll 
trepan, acting as a goidi 
for the tool. At a distance 
of 7 feet B inches above the 
teeth, 

fixed on tho frame, bat 
not famished with teeth. 
At a distance of 13 feet 
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3 incbeB from tbo teotb aro two othor guides at right an; 
each other. These guides am let down the pit with tJje 
tool, the hinged part of the guides being raised whilst 




an 



through the beams at the top of the pit, which are only 6 {eel 
7 inchea apart. When the tool is ready to work, the two 
> let down against the side of tbo pit, and ore hung u 

Bhaft by ropes, thus acting as a guitll 
for the trepao, which moves throngk 
them. To provide against a shock b) 
the spears when the trepan strihea the 
rock on the down stroke, at the appei 
part of the frame a slot motioa ie u- 
rangod, the play of which amonntB to 
about half an inch. The tooth of the large 
trepan are not horizontal, but are deeper 
towards the inside of the pit, the &oe 
of tho inside tooth being 3f inches lora 
than the outside. The object of this is 
to cause the rfefrris to drop at once inl 
the small hole, by the faoe of the 
at the bottom of the pit being 
what inclined. The teeth 
131 to 13i, are the same 1 
large and tho small trepan, 
about 72 lb. each. As a rule, 
set of teeth is kept in nss, ttiia 
working for twelve houis, the alternate twelve hours 
employed in raising tho debris. This time is divided in 
the following proportions ; — Boring, twelve hours ; 
rods, one hour to five hours, according to depth 
dSbris, two hours ; and lowering the rods one hour to 4 
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e TTHtTirrnim speed of the larger trepan may be token at about 
i day. The ordinary distance snnk ia not more tban 
(bet a day, and in flint and other hard rocks the boring has 
s slowly as 3 inches a day. 
|Tbe dSbris in the small bore-ltole contains pieces of a maximum 
G of about 8 cnbic inches. In the large boring, pieces of rook 
g 32 cubic inches have been found. As a rule, however, 
the material is beaten very fine, having mnoh 
the appearance of mud or sand, lu both the 
large osd tbo small 
borings the dS^ris is 
raised by a shell, 
similar to Figs. 105, 
106, and in this sys- 
tem consisting of a 
wrought-iron cylin- 
der, 3 feet 3 inches 
in diameter by C feet 
9 inches long, and 
containing two flap 
valves at the bottom, 
through which tbo 
excavated matcnal 
This appa- 
ratoe is passed down 
the shaft by the bore 
rods, and it is moved 
up and down through 
0, distance varying from 6 to 8 inches, for about a quarter of an 
hour, and is then drawn up and emptied. In some cases where 
the rock is bard, three sizes of trepan are used conaecutiYely, 
the sizes being 5 feet, 8 feet, and 13 feet. 

The several other tools and appliances need during the boring 
operations are shown, Figs, 135 to 140, including the key. Pigs. 
139, 140, used at the surface to disconnect the rods, the hook on 
which each rod is hung after being raised to the high platform 
and there detached, the bar upon which the books are moved, 
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id tbe fork £)r Buspending tba rods or tools from the rollere 
hen it ie desked to move the rode or tools &om above the 
laft. 
Figs. 141 to 146 are of the oonneetions to the trepan and 

Should broken tools fall into the shaft, Beveral varieties of 
iparatus are used for their recovery. In case of broken rods of 
jy kind having a protuber- 
ice that can be clutched, a 
lok or crow, Figs. 137,138, 
' an epicycloidal form, en- 
dee the object to be taken 
)Id of very readily. Where 
le broken part has 
lOiilder which can be held, 
it is simply a bar, the ap- 
tratuB shown by Figs. 147, 
t8, ia employed. This is 
imposed of two parts. The 
■ds, the bottom of which 
ive teeth inside, ore p 
mted from diverging by the 
me and shde on the main 
ids. When passed over 
id or pipe, they clutch it ; 
f means of tho teeth, and f 
[«w it up. Chaudron haa, 
y this tool, raised a column of pipes 295 foot in length and 

inches in diameter. An instrument, called a " grapin," FigB. 
49, 150, is used for raising broken teeth or other small objects 
hioh may have fallen into the bottom of the shaft. This tnol 
[so has one part sliding in the other, and is lowered with the 
laws closed. The parts are moved by two ropes worked from 
le surface. By weighting the cross-bar, which is attached to 
le moving parts, tho pressure desired can be exerted on the 
laws. The weight is then lifted, the claws are opened, and 
re made to close upon the substance to be raised. This instru- 
lent is now seldom required. 




Fig. ISO. 



< Im tend tet dw ^rtem ironld be open to i 
Ais aoeuML U ^qteus, faDwerer, tlwt in all i 
ObasAnn bas nrak di*fls by diis ETstem lie haa e 
^ddag Omb pecfMl^ verticiJ. This u enanrod hy the 
tAet d Aa tnUa gi^d«, wbidi the chisde &nd the two 
««• aMathed to tte baring tools afford, and by the 
th> bMt JUiMgKMWi fram a pJnmb-luie is in&do by the 
tout, tta MctMS cf tba tool opoo one ddo of the shai 
■Ml M ta BWB tba boren to be tmable to torn the 



J with ^a krge and the small inst 
1^ iWk ia «t ka^ <mk to the point at which 

II - - -^ feeder of wmter is encoimterec 
1^ ly-y- ' I ttew district thifl has to 1 
JBTplI S BOoie extent, ftt hazard; bntwht 

^^1 H have been sonic previonaly, it IB : 

^1 ■ I fioolt to tell, by obeerring the 

afaoMt the exact point at wk 
batten of the tabbing may \k 
ftaed. This point being aacei 
Am Ucd prooeas is arriTed at. 
As tba oltject of placing t 
n % akaft is eSKtoally to e 
iSs feadct^ l4idi Cor water 
tmj bAva aoHB bad qnalities, 
it at tf 




^WM kT«l and saooth, Tlu 
taiaed by tba oaa cf k tool, ti 
•'Knlp«i^'' attactai to Os ba 



tbe Ihra ot tb» bml intmdai fcr tba i 

baiiau imtuiMl^' 



■OBB box. The' 
At Hatmgeei 
b 1 feet 9 inch 
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Soch ring hoe an inside flange at the top and bottom, and a 
, rib in the middle, the top and bottom of the ring being turned 
nd faced. The rings of tubbing are attaebed to each other by 
wenty-eight bolts 1 ■ 1 inch in diameter, paBseil through holes 
tored in the flaugoa. Tbo tnbbing ie enBpendod in the pit by 
aeans of eix rods, which are let down by capstans placed at a 
[istanco of 30 feet above the top of the pit. Tbeae machinee 
vork upon long screws. When a new ring of tubbing is added, 
lio rods are detached at a lower level, and are hung upon chains, 
lius leaving an open space for passing it forward. Before each 
■ing is put into the pit it is tested by hydranlic apparatus. Fig. 
L51, The tubbing is usually proved to one-half more pressure 
ban it is expected to be subjected to. At Mauragc, where a 
engtb of 550 feet of tubbing has to be put in, the chief par- 
iculare respecting it are ; — 



Bottom 



e joints between the rings of tubbing are made with sheet 
lead one-oighth of an inch thick, coated with red-load. The lead 
is allowed to obtmde from the joint one-third of an inch, and is 
wedged up by a tool which has a face one-twelfth of on inch 
thick. The mode of suspending the tubbing to the rods will be 
understood by referring to Figs. 152 to 154. The rods are 
attached to a ring by the bolts connecting one ring of tubbing 
with another. The bottom ring of tubbing and the ring carry- 
ing the moss box have their top flange turned inwards, but their 
bottom flange outwards. A strong wob of iron, forming the base 



of ft tnb« 16( iaobe* in diuueter, U attedied to &e taftU^ 
object of tliia tnbe is to cuae the wmter ia tlw diA to m^ 
HUHpuuKiuii rods, by botring pttrt of the wd^ ctf' Oa Ul 
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Oookt to admit water ue placed at interralB up tlie tabe, bf 
whioli meaUR tbo weight upon the rods can fae easily regnlated; 
BO that not more than ono-tcnth to one-twentieth of the 
of the tubbing is auapended by the rode at one time. The ring 
holding the moB§ box is hniig from the bottom joint in the tabbing 
by sliding rods. 

The arrangement of the meaa box which forms the bage of tlis, 
tubbing IB one of the most important painte requiring attentioD 
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Q of Hinlcing Ordinary peat moBS is nsed. It is 

a Het, which, with the aid of spring keepa it in it« 
place during the descent of the tubbing. When the moss bos, 
wlich hangs on abort rode fiied to the tubbing, reaches the feco 
of twA, it is dropped gently upon it, and the whole weight of 
the tubbing is allowed to rest upon the bed. This coropreseea 
the moBs, tie capacity of the chamber holding it is diminished, 
and the moss is forced against the sidea of the shaft, thus 
forming a watei^tight joint, past which no water con escape. 
This completes the third process. 

It may be noted that up to this point the following importimt 
diflerences between this and tbo ordinary system of placing 
tubbing are to be observed ; — The tubbing, on reaching ite bod, 
bears the aggregate pressure of all the feeders of water which have 
been met with in the shaft. The tubbing, having been passed 
down tlie shaft in the manner described, no wedging behind, or 
other modes of consolidating it in the shaft, have been carried 
out. The connection between each ring of tubbing is so carefully 
made, that the repeated wedging of the joints, as in the ordinary 
system, is rendered unnecessary. The pit is still full of water 
ap to the ordinary level. 

Under these conditions the next process is ; — -The introduc- 
tion of cement behind the tubbing to complete its solidity. 

Before the water is removed, the annular space between the 
tubbing and the sides of the shaft is filled with hyd rauhc cement, 
to render the tubbing impermeable, by a process of consolidation, 
Ices liable to the effect of any pressure of water or gaa which 
may be exerted towards the centre of the shaft. The cement is 
inserted behind the tubbing by close ladles, Figs. 166, 156, 
capable of holding 44 gallons, and consisting of two iron plates, 
one-eigbthof an inch thick, fixed on two wooden uprights 3^ inches 
sqaare. This apparatus is curved to suit the moan circumference 
of the space to be concreted. A piston is placed at the top of the 
ladle, and to this piston is attached a rod, which can be moved 
from the surface ; a door is also attached to the piston. The 
ladle containing tbo concrete is passed down behind the tubbing 
by meaua of a windlass at the surface, and when it reaches the 
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paafiad.daini and. t&u c 

nboBiiwr. Tha wcaghColFdui 

ladle ia anfflment vfit&. 

to ijimfale it Oj dmoKui 

\ n nrnti p-p iif 



A^i. 
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mails Co ilitwovei! & OBineiLt wlnek nB 
not Imrden too ijmiJLljr. uui «ti^ 
wh^n hanleaed. will fuem, & 
campact anil suliil ma^. A 

hue been fiinnd tils bHsC ;-^jdtME> 
lime, from tim tine oear Metz, I 
hf sprinMing, 1 puii ; pieted 
from the YoagGB saaisbaa^ 1 |kIi 
fnin, from. ^TfrmnTlit on t&o Blo^ 
i pKi; aaamak tema. Sofp (Dnk 



in the erameitt;^ — two mi the winffliB 
fer lettiiig iamn the l«lfe, tvo bt 

working tha lo^ Bttachfid to ^ 
ptslen, ftfld tw« «D the rnvkbig plit 
Hhbi. Tie n^ nl»ied to have b 
feand laefc an ianuiTCiucnee, Ihll 
hieij % n>te on 
been need, and «b 
for diopping the piston by moring tbe rope. 

When a sii6Scieat time has slewed for tbe eanent lo 
the water within the tnbbing, now eSectmUy separated &om tb 
feedeni, ia dnwn ont by a backet worked by the crab engin^- 
an operation which occnpies &om one to three week^ accordiiii 
to cuctanatanGeB. When conclnded, the joint between the 
box and the rock bed can be eiiimined. In some cases this joint 
is conridered sofficicat ; bat it is generally thought desirable to 
form a baec to tbe tabbing by bnUdiiig a few foet of brici 
in cement on a ring or crib of wood, as in Fig. 157. AnotheB 
wooden crib is then placed on tbe top of this brickwork^ and 
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Sob, two cast-iron Begmentftl wedging cribs witL a brood 
BO wedged perfectly tight. On 
hse BO prepared, four or more ^ 
i£ tubbing in segmenta are fixed, - 
a ring coming close against the '' 
1 of the mosa box. This being ■ 
•iiB work iH completed, and the 
J of the abaft is continued in tlie 
ry way. 

application of the boring trepan ■ 
io be recommended in the eiuking 
jdxy part of the shaft. The uso 
Hool would cause the sinking to i 
^jmei a longer perioil, since I" 
Dg of the rock passed through ^ 
nh minate pactiolea would lead _:; 
r of time. 

I Dru'b System. 

' Bystem applied by Dru is worthy of attention, not so 
^ account of the novelty of the invention, or of any now 
jle involved in it, as on account of the contrivances it 
ks for the application of the tool, " it chute Hhre," or the ' 
I ling tool, to Artesian wells of large diameters. It has 
Iready explained that under Kind's arrangements tho 

waa thrown out of gear by the reaction of the witter 
VBS allowed to find ita way into the column of the exca- 
; but that it is not alirays possible to command the supply 

quantity necessary for that purpose ; and even when 
fl, tbe clutch Kind adopted was so shaped as to be subject 
i and rapid wear. Dm, with a view to obviate both 
aoonveniences, made his first trepan similar to that shown 
. 101, in which it will be seen that the tool was gradually 
until it came in contact with the fised part of tho upper 
jery, when it was thrown out of gear. The bearings of 
ioh were parallel to the horizontal line, aud 



I 

'I 



Hi 



WILL BOSntO AT OtffliT B B flHH . 



in practice to be more evenly worn, so that tliis 
could be worked BometiiueB &om eight days to foiuteea dq) 
witKoot intermission ; wUereas, a 
Kiiid'a ByBtoEQ, the trepan was fc* 
qaaatly withdrawn after two dsp'dj 
three days' flervice. 

Wo take the following compl* 
acoount of the eysteui fiom a fijt\ 
read by M. Dm at the ConseryiAiiBl 
dea Arts et Metiers, Paris, 6th Jiib!,! 
1867. 

It will ba seen from Figa. IBS.lal 
that the boring rod A is saependrf 
from tho outer end of the vrwiioil 
beam B, which is made of tiinl* 
hooped with ii'on, working apoD 
middle bearing, and 

the inner end to iIk 
vertical steam efliv 
der C, of 10 iiicl» 
diameter and 39 
inches stroke. Tb 
stroke of the borilig 
rod is redcced 
22 inches, by A 




rod The steam cylinder is shown enlarged m Fig IGO, aaiii* 
Bmgle-acting, being ttsed only to lift the borm^ rod ft 



m^ 
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ke, and the rod is lowered ^ain by Telcasing tlie steam 1 
a the top Bide of the piston; the stroke is limited by timber 1 
le both helow and aboTo the end of the working beam B. 
'he boring tool is the part of moat importance in the oppi^ S 
s, and the one that has involved moBt difficulty in maturini^fl 




its QonBtruction The 
points to be aimed at 

■e--Bimpli p,g,5o 

city of conatrnction 
nnd repairs the greatebt force of 
1 T possible for each nuit of fatnk 
uifaco and frendom from Iiabi 
I i get turned aside and choked 

The tool used m small borings is 
a single ohisel, as shown n F gs 
161 162 but for the large lorngs 
it la found best to divide the tool face into 
separate chisels each of conven ent size and 
weight for forging All the ch sels how 
^ ^ ever are kept in. a straight Ime whereby 

extent of stiilang surftce is reduced and the to I iB ren 
ad less hablo to be turned aside by meeting a hard portion 
flint on a single pomt of the etriking edge which would, 
linish the effect of the blow. 

i'he tool is shown in Figs. 163 to 169, and is composed of 
ngbt-iron body D, connected by a screwed end E to thftj 
; rod, and carrying the chisols F F, fixed in separat 
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Bockets and secured by nuts above ; two or four cbieels ud I 
used, or sotUBtimos Gven a greater number, according to tlM-l 




size of the hole to be bored. This 
coustructiou allows of any broken 
cbiBel bemg easily replaced ; and 
also, by cbnngmg tbe breadth of the two outer 
the diameter of tbe bole bored can be regulated 
H t as may be desired Wben four chisels are tiacd, the ti 

H ii centre outs are made a little longer than the othefs, i 

^1 shown m Fig 167, to form a leading hole as a guide I 

H \ll_ tbe bomig tod. A cross-bar G, of the same width w tli 

H tool, guides it in the hole in the direction at right augli 

^1 to tbe tool ; and in tho case of tbe larger and longer faxds 
^1 second cross-bar higher up, at right angles to tbe first U 
^1 parallel to the striking edge of the tool, is also added. 
^1 If the whole length of the boring rod were allowed to &1 

^B anddeuly to the bottom of a large bore-hole at each 
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eqnent breakagoa would oocnr ; it is therefore found requisitl 
amaige for the tool to be detochefi from the boring rod ai 
led point in each stroke, and this hna led to the gouer* 




option of free-falling tools. M. Dru's plan of self-acting free- 
Uing tool, liberated by reaction, is shown in side and front 
BW in Figs. 170 to 173. Tho hook H, attached to the head 



ru8 



VSLL BOKISG AT OBKAT OBPtSS, 



I 



f the boring tool D, slides vertically in the box E, vrMtJi li 
screwed to the lower extremity of the toring rod ; and the look 
engttges with the catch J, centred in the sides of" the boiE, 
whereby the tool is lifted a& the boring rod rises. The t^ of 
the catch J beare tigainst an inclined plane L, at the top of tk 
Los K ; and the two holes cariying the centre-pin I of (h 
catch, are made oval in the vertical direction, ao aa to allow 
slight vertical movement of the catch. When the boring roi 
reaches the top of the stroke, it is stopped snddenly by t 
end of the beam B, Fig, 15'J, striking upon the wood b^lfiil^ 
block E ; and the shock thus occasioned canses a el^ht juoip 
of the catch J in the box K ; the tail of the catch is thetubj 
thrown outwards by the incline L, as shown in Fig. 172, lib^ 
rating the hook E, and the tool then falls freely to the.bottoB 
of the bore-hole, as shown in Fig. 173. When the horing ro4 
descends again after the--tool, the catch J again engagi 
the hook H, enabling the tool to be raised for the next blow, H 
in Fig. 171. 

Another constrnction of self-acting free-falling tool, libentei 
by a separate disengaging rod, is shown in side and front viei 
in Figs. 174 to 178. This tool consists of four principal piew^ 
tho hook H, the catch J, the pawl I, and the disengaging red " 
Tho hook H, carrying the boring tool D, slides between the tn 
vertical sides of the box K, which is screwed to the bottom 
the boring rod ; and the catch J works in the same space hjmb 
a centre-pin fixed in the bos, so that tho tool is carried by 
rod, when hooked on the catch, as shown in Fig. 175. At tht 
same time the pawl I, at the back of the catch J, secnres it 
from getting unhooked from the tool ; but this pawl is centttd 
in a separate sliding hoop If, forming the top of the disei^ 
gaging rod M, which slides freely up and down within a fiwi 
distance upon the box K ; and in its lowest position the hoop 
N rests upon the upper of the two guides P P, Fig. 174, throt^ 
which the disengaging rod M slides outside tho box K. b 
lowering the boring rod, the disengaging rod M reaches llie 
bottom of the bore-hole first, as sho\(Ti in Figs. 174, 176, and 
being then stopped it prevents the pawl I from deBcendi^ 
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loner ; and tlie isclined hack of the catch J aliding down 
the pawl, the latt«r forces the catch out of the hook '3, i 




lown in Fig. 176, thus allowing the tool D to fall Ireely and 
Biks its blow. The height of fall of the tool ie always the 
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same, being dctormined only by the length of the disengsgnif 
rodM. 

The blow having been stmck, and the boring rod coDtiiiintK 
to be lowered to the bettom of the hole, the catch J £i11b bu^ 
into its original ponition, and engages again with the book Hi 
08 shown in Fig. 177, ready for lifting the tool in the not 
stroke. Ab the boring rod rieeB, the tail of the catoh J tiiiit 
up the jiawl I in passing, aa Bbown in Fig. 176, allowing tlifl 
catch to pBBs freely; and tho pawl befure it begii 
returns to the original position, shown in Fig. 177, where it 
locks the catch J, and prevents any risk of its becoming no- 
booked either in raising or lowering the tool in the well. 

The boring tool shown in Figs. 163, 164, which was emplojed 
for boring a well of 19 inches diameter, weighs ^ ton, i 
liberated by reaction, by the arrangement shown in Figs. 170 
to 173 ; and the some mode of libtira,tion was applied i 
first instance to the larger tool, shown in Figs. 166 to 169, em- 
ployed in sinking a well of 47 in. diameter at Butte-anx-CaiUefi. 
The great weight of the latter tool, however, amomiting to ii 
mach as 3^ tons, necessitated eo violent a shock for the pnrpon 
of liberating tho tool by reaction, that tho boring rods and Ifatf 
rest of the apparatus would have been damaged l^ a coutinii- 
acce of that mode of working ; and M. Dm was therefore led la 
design tho arrangement of the disengaging rod for releasing llM 
tool, as shown in Figs. 174, 175. In this case the c 
G fixed upon tho tool is made with an eye for the disc 
rod H to work through freely. For borings of small diunetei^ 
however, the disengt^ing rod cannot supersode the reaction ej»- 
tern of liberation, as the lattor alone is able to work in borinp 1 
as small as 8 j inches diameter ; and a bore-hole no larger tl 
this diameter has been successfally completed by M. Crn wilbj 
the reaction tool to a depth of 750 feet. 

Tho boring rods employed are of two kinds, wronght iron n 
wood. The wood rods seen in Figs. 1S9, 179, 
borings of large diameter, as they possess the advantage a 
having a larger section for stiffness without increasing tbi 
weight ; and also when immersed in water the greater portion d 1 
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jr wdght ifl floated. Tha wood for the rods requires to be 
Jly selected, nad care haa to bo taken to choose the tinibet 
from the thick part of the tree, and 
not the toppings. In France, Lor- 
raine, or Vosges, deals are preferred. 
The boring rods, whethcj of wood 
or iron, are screwed together either 
by solid sockets, oa in Fig. 181, or 
with separate collars, as in Figa. 
180, 182. The separate collars are 
\ * preferred for the pnrpose, on account 
H of being easy to forge ; and also be- 
ll cause, as only one half of the collar 
11 works in coupling and uncoupling 
i' the rods, while the other half is fixed, 
the screw-thread becomes worn only 
at one end, and by changing tbo 
collar, end for end, a now thread ie 
, obtained when one is worn out, tho [i^^ ^ 
1 worn end being then jammed fast as ^^^ 
i \ Sfl / ; the fiied end of the ooUar. f^- 

^fc^^H-^X The boring rod is guided in the U 

^K f^ j,g lower part of the bole by a lantern E, Fig. f^lj; 
^r 159, shown to a larger scale in Fig, 179, 

which consiflts of four vertical iron bars curved in at both ends, 
where they are secured by movable sockets upon the boring rod, 
and fixed by a nut at the top. By changing the bars, the size 
of the lantern la readily adjusted to any required diameter of 
bore-holo, as indicated by the dotted linos. lu raising up or 
letting down the boring rod, two lengths of about 30 feet each 
are detached or added at once, and a few shorter rods of diJlorcnt 
lengths are used to make up tho exact length required. The 
coupling screw S, Fig. 158, by which tho boring rod is con- 
nected to the working beam B, serves to complete the adjust- 
ment of length ; this is turned by a cross-bar, ac<l then seoared 
by a cross-pin through the screw. 

In ordinary work, breakages of tho boring rod generally take 
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place in tlio iroo, and more particularly at the pait screwed, H 
that is the weakest part. In the case of breakages, the I 

DHQallf employed for picking up the broken ends are a coniul 

4 screwed socket, shown in Fig. 183, and a crow's 
foot, shown in Fig. 184 ; the 60ck«t being made 
with an ordinary V-thread for cases where the 
broftkago occurs in the iron ; bnt having a 
sharper thread, like Oi wood screw, when used 
where the breakage is in one of the wood rods. 
In order to aaeertiiin the shape of the fractured ^ 
■ end left in the bore-hole, and its position rela- an 
tively to the centre line of the hole, a aimilar conical t;::^ 
socket is first lowered, having its under surface filled rit.a 
up level with was, so as to take an impression of the 
broken end, and show what size of screwed socket should be 
employed for getting it up. Tools with nippers o 
used in large borings, as it is not advisable to subject the rods 
to a twist. 

When the boring tool has detached a sufficient quantity of 
material, the boring rod and tool are di'awn up by means of the 
rope O, Fig. 158, winding upon the drum Q, which is driven hj 
straps and gearing from the steam-engine 
A shell is then lowered into the bore- 
e by the wire-rope U, from the otheF 
im V, and is afterwards drawn up again 
with the excavated material. A friction 
break is applied to the drum Q, for regn* 
Intiug the rate of lowering the boring rod 
do\vn the well. The shell shown in Figs. 
186, 187, consists of a riveted iron cylin 
!th a handle at the top, which oi 
be screwed to the boring rod 
e-rope ; and the bottom is closed by a htrgi 
valve, opening inwards. Two different forma of valve a 
either a pair of Sap-valves, as shown i 

, Fig. 187; and the bottom ring of the cyUndi^t 
forming the seating of the valve, is forged solid, and steeled oa 




attached to the 
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tJie lower edge. On lowering this cylincler to tho bottotn of 
the bore-hole, the valve opens, and the loose material enters the 
cylinder, where it is retained by the closing of the valve, whilst 
QxB shell is drawn up again to tho surface. In boring through 
shalli, as in the case of the deep wells in the Paris basin, the 
3ole is first made of about Intlf the final diameter for 60 to 90 
Tect dopth, and it ia then enlarged to the full diameter by using 
t larger tool. This is done for coavonienco of working ; for if 
;lie whole area were acted upon at once, it would involve cmsh- 
jig all the flinta in the chalk; but, by putting a shell in the 
advanced hole, the flints that are detached during the working 
jf the second larger tool are received iin the shell and removed 
ay it, without getting broken by the tool. 

The Tesistance experienced in boring through different Btrata 
is varioas; and some rocks passed through axe bo hard, that 
vrith 12,000 blows a day of a boring tool weighing nearly 
LO cwt., with m in^efl hoiglit of fall, the bore-hole was advanced 
aHj 3 to 4 inches a day. As the opposite case, strata of ruu- 
jiitg sand have been met with so wet, that a slight movement of 
ihe rod at the bottom of the hole was sufGoient to make the sand 
rise 30 to 40 feet in the bore-hole. In thoee cases Dru has 
idopted the Chinese method of effecting a speedy clearance, by 
aioans of a shell closed by a large boll-clack at the bottom, as 
shown in Fig. 186, and suspended by a rope, to which a vertical 
movement is given ; each time the shell falls upon the sand a 
portion of this is forced up into the cylinder, and retained there 
by tho ball-valve. 

Borings of large diameter, for mines or other shafts, ore also 
sunk by means of the some description of boring tools, only 
considerably increased in size, extending up to a« much as 
14 feet diameter. The well is then lined with cast-iron or 
wrought-iron tubing, for the purpose of making it watei^tight ; 
and a special contrivance, invented by Kind, and alluded to at 
p. 110, has been adopted for making a water-tight joint between 
the tubing and tho bottom of the well, or with another portion 
of tubing previously lowered down. This is done by a stuffing 
box, shown in Fig. 188, which coataius a packing of moss at 



■H 



J 



134 



WELL BOBUfO AT OSKAT DXPTHSp 



I 




A A, The upper portion of the tubing is drawn down to ttl 
lower portion by the tightening ecrewa B B, so bs to comprMl 
the uioss-pnckiDg when the weight is not sufficient for the pi* 
A spftce C is left I* 



twecn the tubing and the si 
of the woU, to admit of tl* 
poaeage of the etuffing-W 
flange, and tdso for mnni^ 
in concTetti for the completia 
of the operation. The n 
packing rests upon the bottcB 
flrtnge D ; but this fliuige ■ 
soniotimeB omitted. The joiai 
is thus simply made by pre» 
ing out the mosa-pnckiiit 
against the sides of the well; 
and thie material, being euilf 
compressible and not liable to decay under water, is fount 
make a very satisfactory and durable joint. 

M. Dru states that the reaction tool has beon successfnlly 
ployed for borings up to as large as about i feet diameter, wituefl 
the case of the well at Butte-auK-CaUles of 47 inches diameter; 
but beyond that size he consi-dere the shock requiBite to libenti 
the larger and hearier tool would probably be so esceseive, 
to be injurious to the boring rods and the rest of the 

therefore designed the arrangement of the di» 
engaging rod for liberating the tool in borings of largi 
diameter, whereby all shock upon the boring rotis was avoida 
and the tool was liberated with complete certainty. 

In practice it is necessary, as with the common chisel, to 
turn the boriag tool partly round between each stroke, so as to 
prevent it from falling every time in the same position at tte 
bottom of the well ; and thia was eftected in the well at Bntte- 
aui-Caillos by manual power at the top of the well, by menns 
of a long hand-lever fixed to the boring rod by a clip bolted oa, 
which was turaed roimd by a couple of men through part of * 
revolution during the time that the tool was being lifted. Tb 
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[fas ordinarily done in the right-hand direction only, bo 
s to avoid the risk of unscrewing any of the screwed conpliags 
of the boring rods ; and care was taken to give the boring rod 
lialf a tiira when the tool wae at the bottom, bo as to tighten the 
Bcrew-couplings, which otherwise might shake loose. In the 
event of a fracture, howcTor, leaving a considerable length of 
boring rod in the hole, it was sometimes necessary to have the 
means of unscrewing the couplings of the portioa left in the 
hole, BO ae to raise it in pai'ts instead of all at once. In that 
ease a locking clip was added at each screwed joint above, and 
aecnred by holts, as shown at C iu Fig. 180, at tha time of 
patting the rods together for lowering them down the well to 
recover the broken portion ; and by this means the ends of the 
rods ware prevented &om becoming nnscrewed in the cniipling 
sockets, when the rods were tnrncd round baekWarda for nn- 
screwing the joints in the broken length at the bottom of the 
bore-hole. 

When running sands are mot ivith, t!ie plan adopted is to use 
the Chinese ball-scoop, or shell. Fig, 186, described for clear- 
ing the bottom of tho bore-hole ; and where there is too mnch 
sand for it to be got rid of in this way, a tube has to be sent 
down firom the surface to shut off the sand. This, of conrse, 
necessitates diminisliing tho diameter of the hole in passing 
through the sand ; but on reaching tho solid rock below tho 
running sand, an expanding tool is used for continuing the 
Iwre-hole below the tubing with the same diameter as above it, 
so as to allow the tubing to go down with the bole. 

In the case of meeting with a surface of very hard rock at a 
considerable inclination to the bore-hole, M. Dru employs a tool, 
the cutters of which are fired in a, circle all round tho edge of 
the tool, instead of in a single diameter line ; the length of the 
tool is also considerably increased in such cases, as compared 
with the tools used for ordinary work, so that it is guided for a 
length of as much as 20 feet. He uses this tool in all casea 
where from any cause the hole ia found to be going crooked, 
and has even succeeded by this meana in etraigbtoning a hole 
that bad previously been bored crooked. 
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The cutting action of this tool is all round its o^^^^^H 
tliorcfuro in meeting with an inclined hard stirfooe, bsin^^H 
nothing to cut on the lower side, the force of the blow is hra^^H 
to benr on the uppor Bide alone, until an entrance is eixtil^l 
into the hard rock in & true ertraight line with the upper putl^| 
the hole. H 

Although ae rcgarde diameter, depth, and flow of water inl 
favourablo localities, somo extraordinary results have been oVi 
tainod with this Bjetem of boring by rods worked by BteaJ 
power, yet, as Dru himself obserTes, " in some instances lus I 
own experience of boring had been, that owing to the difficnltia I 
attending the operation, the occurrence of delays from accidenti I 
was the rule, while the regular working of the machinery stt! I 
the eseeption." A further disadvantage to be noticed is thi^ 
owing to the time and labour involved in raising and lowcnig 
heavy rods in borings of 10 inches diamofer and upwards, dien 
is a strong indncemeut to keep the boring tool at work fori 
much longer period than is actually necessary for breaking q 
fresh material at each stroke. The fact is that after &om IDO 
to 200 blows have been given, the boring tool merely falls into 
the accumulated dS/rie and pounds this into dust, without ^tii 
touching the surface of the solid rock. It may therefore \» 
easily understood how much time is totally lost out of tin 
periods of five to eight hours during which with the rod systen 
the tool is allowed to continue working. 

MiTHKB AND PlATT'S &Y8TKM. 

In the most recent method of boring adopted in Englftnjj 
the rope employed in the Chinese system has been reverted 
in place of the iron or wood rods used on the Continent 
fleiible rope odmits of being handled with greater facility ^m 
iron rods, but-wants the advantage of rigidity : in the Chincw 1 
method it admitted of withdrawing the chisel or bucket voij 
rapidly, but gave no ueitainty to the operation of tho chisel at 
the bottom of the hole. The rods on the other hand enable 
a very effective blow to be given, with a definite turning or 




WELL BORHra AT GBBAT DEPTHS. 



127 



sorewing motion betivoeu the blowa 
according to the requirements of the 
Btrata ; but the time and trouble of 
raieing heavy rods from great depths on 
each occasion of changing from boring 
to clearing out the hole form a serinus 
drawback, nhicb makes tho etoppages 
occupy really a longer time than the 
actual working of the machinery. 

The method invented by Colin Mather, 
and manufactured by Mather and Flatt, 
I of Oldham, employed largely iii Eng- 
land for deep boring, 
combine the advantages of the 
systoins hitherto used, and to bo 
free from many of their disnd- 
vantages. Tho distinctive fen- 
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for cleoriiig oitt the bole after the action ad 
Infltoad of theeo implements being attached 
Buspcoidcd by a flat hemp ropo, about ^ inch H 
broad, anch as is commonly need at oollierioi 
tool and ehell-pump arc raised and lowered 
bore-hole an the backet and cageB in a collieiy 

The flat rope A A, Fig. 189, from which the 
18 suspended, is wound upon a large drum C dri 
engine D with a reversing motion, so that one m 
the operation with the greatest ease. All the 
are fitted into a wood or iron framing E E, rend 
a compact and complete machine. On leaving i 
rope iiaaseB mider a guide pulley F, and tb 
pulley G carrieil in a fork at the top of the 
vertical singlo-actiiig steam cylinder. 

This cylinder, by which the pereuBaivc actii 
head is produced, is shown to a larger scalt 
BectiouB, Figs. 192, 193 ; and in the larger eia< 
shown, tJie cylinder is fitted with a piston of IS 
having a heavy oast-iron rod 7 inches square, 
with a fork at the top carrying the flanged pul 
3 feet diameter and of sufficient breadth for th 
The boring-head having been 1 
winding drum to the bottom of the bore-hole, t1 
'Q at that length by the clamp J ; steam ii 
underneath the piston in the cylinder H by the 
and the boring tool is lifted by the ascent of thi 
pulley G ; find on arriving at the top of the lAa 
valve L is opened for the steam to escape, all< 
rod ond carrying pulley to fall fi'eely with. 
which falls with its full weight to the bottonii 
The exhaust port is 6 inches above the bol 
while the steam port is situated at the bol 
thus always an elastic cushion of steam relai 
of that thickness for the piston to fall uj 
piston from striking the bottom of the cy] 
and exhaust valves are worked with a self- 
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tappete M M, which aro actuated by the movement <J 
pistoo-nxi ; and a rapid eacc6GBiun of blows is tbn* gim| 
the boring tool on the bottom of the bore-hole. Aaitii! 
satjthat motion should be given to the piston before Uk' 
can be acted upon, a smcJl jet of etcam N is allowed UiUi 
stantlj blowing into the bottom of the cylinder ; tfiia 
pifitoa to move slowly at firet, bo ae to take up the elMk 'I 
rope and allow it to receive the weight of the 
gradually and without a jerk. An arm attached to &i 
rod then comes in contact with a tappet which opens 
valve K, and the piston rises quickly to the top of t] 
another tappet worked by the same arm then shuts off 
and the eihanBt valve L is opened by a currespunding 
ment on the opposite side of the piston-rod, as shown ii 
By shifting these tappets the length of stroke of the 
be varied from 1 to 8 feet in the large miLchine, 
the material to be bored through ; and the height of 
Iwring-head at the bottom of the bore-hole is double 
of Btroko of the piston. The Ml of the boring-head and 
can also be r^ulated by a weighted valve on the exhaiffl 
checking the escape of the eteam, so as to cause the dea 
take place slowly or quickly, as may be desired. 

The boring-head B, Fig. 189, is shown to a larger scde' 
Figs. 194, 195, and consists of a wrought-iron bat 
i inches diameter and 8 feet long, to the bottom of nlud^ 
cast-iron cylindrical block C ia secured. This bloct bl 
numerous square holes through it, into which the chiwU* 
cutters D D are inserted with taper shanks, as shown in f% 
195, so as to be very firm when working, but to be readiljt 
out for repairing and sharpening. Two different orrangrai 
of the cutters aro shown in the elevation, Fig. 194, and the 
Fig. 19G. A little above the block C another cyliadriod ca 
E is fixed upon the bar B, which acts simply as a guide to kM 
the bar perpendicular. Higher still is fised a second guide I 
but on the circumference of this are secured cast-iron 
made with ribs of a saw-tooth or ratchet shape, catching cmlfl 
one direction; these ribs aro placed at an iucUuatioa likQi 
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^ screw-thread of 
[ piteh, so that as 
Ibeura Eigamet the 
des of the bore- 
It the bar is raised 
ad they assist in 
i, for causing the 
r strike is a fresh 
)Bch strobe Each 
plato has the pro- 
lbs inclined m the 
direction, bo that 
' of the ribs are 
ID torn tho bar 
L naing, ami tho 
If to turn it in 
tie direction m 
These projei,tuig 
Bw simply assist 
hg the bar, and 
iely above the 
iide F is tho ar- 
&t by which the 

rotation is se- 
JJo effect this ob- 

oaet-iron collars, 
'H, are cottered 
|ie top of the bar 
Iplaced about 12 
ipart; the upper 
ttiho lower collar 
Inaed with deep 
ieeth of about 2 
mitch, and the 
hoe of tho top 
E is formed with 
^tchethteeth, set 
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ex&ctly in line with those on the lower cMiUar. Botwe«n tlnl 
collaiB mid Bliding freely on the neck of the boring hu Bill 
deep bush J, which ie also fonned with corresponding alM-i 
teeth on both its upper anil lower faces; but the teeth cadi 
tipper face are set half a tooth in advance of thoee on thii Ion 
face, 80 that the perpendionlar aide of each tooth on the npf* 
&ce of the haeh ie directly above the centre of the inchnc^ A 
of a tooth on the lower face. To this bush is attach^ it 
wTought^iron bow K, by which the whole boring bar is » 
pended with a hook and dhackle 0, Tig. 192, from the eniii 
the flat rope A, The rotary motion of the bar ie obtained ■ 
follows: when the boring tool falls and strikes the bUiir,^ 
lifting bash J, which daring the lifting has been engaged nil 
the ratchet-teeth of the top ooUar H, falls upon those otil 
bottom collar G, and thereby receives a twist backwardB tbniiif 
the space of half a tooth ; and on commencing to lift agniHi ^ 
bush rising up against the ratehet-teeth of the top coUu 
receives a further twist baokwards through half a tooth. 1 
flat rope is thus twisted backwards to the extent of .one tooth 
the ratchet ; and during th« lifting of the tool it ontwi^ iU 
again, thereby rotating the boring tool forwards throngh i 
esrtent of twist between each suoceBsiTe blow of the tool. 1 
amount of the rotation may be varied by making the tald 
teeth of coarser or finer pitch. The motion is entirely s 
acting, and the rotary moToment of the boring tool is eami 
with mechanical accuracy. Thia simple and most eflerlii 
action taking place at every blow of the tool produces s cd 
stant change in the position of the cutters, thus increasing ihti 
effect in breaking the rock. 

The shell-pump, for raising the material broken np by 
boring-head, is shown in Figs. 197, 198, and consists of a cjUl 
drical shell or barrel P of cast iron, about 8 feet long 
little smaller in diameter than the size of the bore-hole. At tb 
bottom is a clack A opening upwards, somewhat similar to tW 
in ordinary pumps ; but its seating, instead of being fasteool I 
the cylinder P, is in an annular frame C, which is held i 
against the bottom of the cylinder by a rod D passing op I 
a wrought-iion bridge "E at "Oae to-j, \*\iet& H is eocnred ij^ 
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oottei F. Inside the cylinder works a bncket B, eiim!if| 
of a common lift-pump, having an indianibbsr disc 
the top side ; and tlie rod D of the bottom cIiLck 
through the bucket The rod G of the backet itself i 
like a long link in a chain, and by this linl t the pun] 
pended from the shackle 0, Fig. 192, at the end of thei 
the bridge E, Fig. 197, preventing the bucket from 
out of the cylinder. The bottom cIiLck A is n 
indiarubbor disc, which opens snfGciently to allow 
and smaller particles of stone Renter the cylinder 
to enable the pieces of broken nek to be brought np ■ 
posflible, the entire clack is free to rise bodily 
ft^jm the annular frame C, as shown in Fig. 197, therel 
ing ample space for lai^e pieces of rock to entei the 
when drawn in by the up stroke of the bucket. 

The general working of the boring machine 
The winding drum C, Fig. 189, is 10 feet diameter in khetafl 
machine, and is capable of Lolding 3000 feet length of nfl 
4^ inches broad and ^ inch thick. When the borii^-heidBV 
hooked on the shaokle at the end of the ropo A, its weight piDl] 
round the drum and winding engine, and by means of ft bnt 
it is lowered steadily to the bottom of the borc-hoIe ; the ' 
is then secured at that length by screwing np tight thecluujl. 
The small steam jet N, Figs. 192, 193, is nest turned CO,te 
starting the working of the percussion cylinder H ; Mid 4t 
boring-head is then kept eontinuonsly at work until it hashmhi 
up a suf&cient quantity of material at the bottom of the 
hole. The clamp J which grips the ropo is mode with a ihfc 
and screw I, Fig. 192, whereby more ropo con be gradually gi« 
out as the boring-head penetrates deeper in the hole. In or 
to increase the lift of the boring-head, or to compensate fitt 
elastic stretching of the rope, which is found to amoimt to 
1 inch in each 100 feet length, it is simply necessary to 
the top pail of tappets on the tappet rods whilst the pe^ 
cTissivo motion is in operation. When the boring-head 
been kept at work long enough, tho steam is shut off from lb> 
percussion cylinder, the rope undamped, the winding 
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put in motion, and the boring-head wonnd up to tho surface, 
where it is then elnng from an overhead suspeneioD bar Q, 
Fig. 189, by moans of a hook monntod on a roller for nmning 
the boring-head away to one side, clear of the boro-hole. 

The sbell-pump is noit lowered down the boro-hole by the 
rope, and the debris pumped into it by lowering and raising 
the bucket aboat throe times at the bottom of the hole, which 
is readily effected by moans of the reversing motion of the 
winding engine. The pump is then brought up to tho surface, 
and emptied by tho foUowing very simple arrangement: it is 
slung by a traversing hook from the overhead suspeiiHion bar Q, 
Fig. 189, and is brought perpendicularly over a small table R in 
the waste tank T ; and tho table ia raised by the screw S until 
it receives the weight of the pump. The cotter F, Fig. 197, 
which holds up the clack seating C at the bottom of the pump, 
is then knocked out ; and the table being lowered hy the screw, 
tho whole clack seating descends with it, as shown in Fig. 198, 
and tho contents of the pump are washed out hy the rush of 
water contained in the pump cylinder. The table is theu raised 
again by the screw, replacing the clack seating in its proper 
position, in which it is secured hy driving the cotter F into the 
slot ot the top ; and the pump is again ready to be lowered 
down the bore-hole as before. It is sometimes necessary for the 
pnmp to be emptied and lowered three or four times in order 
to remove all the material that has been broken up hy the 
boring-head at one operation. 

The rapidity with which these operations may be carried on 
ia found in tho osporienco of the working of the machine to be 
as follows. The boring-head is lowered at the rate of 500 foot 
a minute. The percussive motion gives twenty-four blows a 
minute ; this rate of working continued for about ten minutos in 
red sandstone and similar strata is sufficient for enabling the 
cutters to penetrate about 6 inches depth, when the boring-head 
is wound up again at tho rate of 300 feet a minute. The shell- 
pump is lowered and raised at the some speeds, but only remains 
down about two minutes ; and the emptying of the pump when 
drawn up occupies about two or three minutes. 
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In the coQstraation of tbie machine it will be seen that tb 
groat 'leeideTatum of all earth boring has been well kept il 
view ; namely, to bore holes of large diameter to great dsptli 
with rapidity and safety. The otyect is to keep either tb 
boring-head or the shell-pump constantly at work at the bothn 
of the bore-hole, where the actual work has to be done ; to kH 
as little time as possible in raising, lowering, and changing dil 
tools; to espodite all the operations at the surface; aadtl 
economize manual labour in every particular. With Ok 
mflchine, one man standing on a platform at the side of Ht 
percussion cylinder performs all the operations of raising ud 
lowering by the winding engine, changing the boring-head iffll 
ehell-piunp, regulating the percussive action, and clamping a 
nnclamping the ropo : all the handles for the various steam valnl 
are close to hia hand, and the break for lowering is wodrf 
by his foot. Two labourers attend to changing the cnttea 
and clearing the pump. Daplicate boring-heads and [ 
are slung to the overhead suspension bar Q, Pig. 189, tea^ 
for use, thus avoiding all delay when any chajige is requiaita 

Aa is well known by those who have chai^ of such ope» 
tioDB, in well boring innumerable accidents and stoppages oceni 
from causes which cannot be prevented, with however i 
vigilance and skill the operations may be condacted. Hiri 
and soft strata intermingled, highly inclined rocks, numing 
sands, and fissures and dislocations are fruitful sooroes a 
annoyance and delay, and sometimes of complete failure ; 
it will therefore bo inteiestiDg to notice a few of the oidinuf 
difficulties arising out of these circumstances. In all the boiv 
holes yet execiiljad by this system, the various special instn*" 
ments used under any circnmstanoes of accident or compIictloJ 
stanta are fuUy shown in Figs. 199 to 307. 

The boring-head wlule at work may suddenly be jam 
either by breaking into a fissure, or in consequeDt^ of brokd 
rock falling upon it from loose strata above. All the e 
possible is then put upon the rope, either by the perouafflO 
cylinder or by the winding engine; and if the rope is an oM 
one or rotten it breaks, leaving perhaps a long length lu ^ 
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tole. Tbe claw grapnel, shown 

Fig. 199, is then attached to tho rope f^an^ 

remnming on the winding drum, and wawftti 
is lowered until it reeta upon tho elack 
broken rope in the bore-hole. The grapnel is made 
with three claws A A centred in a, cylindricdl block 
B, which slides vertically within the casing C, the _ 
tail ends of the claws fitting into inclined slots D ^ 
ia the casing. During the lowering of the graguel. 




the cliiws are kept upen, in con- 
Bequonce of the triggGr E bdng 
held up in the position ehowK 
Fig. 205. in Fig. 199, by the long link F, 
which suspends the gi-apnel 
the top rope. Bnt as soon as the grapnel resti 
npon the broken rope below, the suspending link 
F continuing to descend allows tJie trigger E ttt 
fall out of it ; and then in hauling up again, the 
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rapnel is lifted only by the bow G of the internul block B, and 
~-^C:»e entire weight of the eitemal casing C boars upon tbe in- 
^^^^uned tail-enda of the claws A, causing them to close in tight 
^*^.I^on the broken rope and lay hold of it securely. Tho claws 
^^^^■e made either hooked at the eitreinity or serrated. The grap- 
~^^-^. is then hauled wp sufficiently to pidl the broken rope tight, 
^*-^»id wrought-irou rods 1 inch square with hooks attached at the 
^^^^<}ttom are let down to catch the bow of the boring-head, which 
*--^a readily accomplifibed. Two powerful screw-jacks are applied 
*— ^3 the rods at the surface, by means of the step-ladder shown in 
-^S'ig. 201, in which the cross-pin H is inserted at any pair of the 
-^fc:*ole8, so as to suit the height of the screw-jacks. 

If the boring-head does not yield quickly to these efforts, the 

^^a-ttempt to receiver it is abandoned, and it is got out of the way 

t»y being broken up into pieces. For this purpose the broken 

'^Xrope in the bore-bole has first to be removed, and it is therefore 

<:2aught hold of with a sharp hook and pulled tight in the hole, , 

"xvhile the cutting grapnel, shown in Fig. 200, is slipped over it 

^nd lowered by the rods to the bottom. This tool is made with 

s. pair of sharp cutting jaws or knives 1 1 opening upwards, 

"which in lowering pass down freely over the rope; but when the 

xode are pulled up with considerable force, the jaws nipping the 

itween thom cut it through, and it is thus removed alto- 

therfrom the bore-hole. The solid wrought-iron breaking-up 

', Fig. 203, which weighs about a ton, is then lowered, and 

f means of the percussion cylinder it ia made to pound away 

i the boring-head, nntil the latter is either driven out of the 

y into one side of tho bore-hole, or broken up into such frag- 

B that, partly by the shell-pump and partly by the 

' grapnels, the whole obstacle is removed. The boring is then 

proceeded with again, the same as before the accident. 

The same mishap may occur with the shell-purap getting 
jammed fast in the bore-hole, as illustrated in Fig. 208 ; and the 
same meana of removing the obstacle are then adopted. Er- 
perienCB has shown the danger of putting any greater strain 
npon the rope than the percussion cylinder can exert; and it is 
therefore usual to lower the grapnel rods at once, if the boring- 
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head or pmnp gate fast, tlioB avoiding the risk of breaking tlbfl 1 

Tke breaking of a cutter in tke boring-bead is not an nncom- 
mon occmronco. If, however, the bucket grapnel, or the email 
_^ screw grapnel, Fig. 202, be employed 

J^itnmtd,m,Bi'rfhaa ^or '^8 recovery, the hole is readily 
cleared without ajiy important delay. 
The Bcrew grapnel, Fig. 202, is ap- 
plied by means of the iron grappling 
rods, so that by turning the rods the 
; screw works itself round the cntter or 
' other similar article in the bore-hole, 
and secnrely holds it while the roda 
I drawn up again to the snr&ce. 
The bucket grapnel, Fig. 206, is kIbo 
employed for raising clay, as well as 
for the purpose of bringing up cores 
out of the bore-hole, where these are 
not raised by the boring-head itself in 
the manner already described. The ac- 
tion of this grapnel is nearly simikr 
to that of the claw grapnel. Fig. 199; 
the three jaws A A, hinged to the 
bottom of the oyliodiical casing C, 
and attached by connecting rods to 
the internal block B sliding within 
the easing C, are kept open during tin 
lowering of the tool, the trigger S 
1 position shown in Fig. 206, by the long 
suspending link F. On reaching tho bottom, the trigger ^ 
liberated by the further descent of the link F, which, in haul- 
ing np again, lifts only the bow G of the internal block B ; so 
that the jaws A are made to close inwards upon the core, which 
is thus grasped firmly between them and brought up within the 
grapnoL Where there is clay or similar material at the bottom 
of the bore-hole, the weight of the heavy block B in the grapnel 
causes the shai-p edges of the pointed jaws to penetrate to 




being held up t 



WXUi BOBUta AT GBIAT SXPTBS. 143 

depth into ttie material, a quaatity of whicli is thus enclosed 
within them and brought up. 

Another grapnel that is also need whore a boro-hole puBses 
throngh a bed of very stiff elay is shown in Fig. 207, and 
OonsiBta of a long cast-iron cylinder H fitted with a aheetr-iron 
mouthpiece K at the bottom, in which are hinged three conical 
eteel jawa J J opening upwards. The weight of the tool forces 
it down into the day with the jaws open ; and then on raising 
it the jaws, having a tendency to fall, out into the clay and 
enclose a qtiautity of it inside the mouthpiece, which on being 
brought up to the surface is detached from the cylinder E and 
cleaned ont. A socond mouthpiece is put on and sent do^vn for 
working in the bore-hole while the first is being emptied, the 
attachment of the mouthpiece to the cylinder being made by a 
conunon bayonet-joint L, so as to admit of readily connecting 
and disconnecting it. 

A running sand in soft clay is, however, the most serions 
difficulty met with in well boring. Under such circumstances 
the bore-hole has to be tubed from top to bottom, *hich greatly 
increases the cipooso of the undertaking, not only by the cost 
of the tubes, but also by the time and labour expended in insert- 
ing them. Whoa a permanent water snpply is the main object 
of the boring, the additional expense of tubing the bore-hole is 
not of much consequence, as the tubed hole is more durable, 
and the surface water is thereby excluded ; but in exploring for 
mineral it is a serious matter, as the final result of the bore-hole 
is then by no moans certain. The modo of inserting tubes has 
become a question of great importance in connection with this 
system of boring, and much time and thought having been spent 
in perfecting the method now adopted, its value has been proved 
by the repeated success with which it has been carried out. 

The tabes used by Mather and Piatt are of cast iron, varying 
in thickness from | to 1 inch according to their diameter, and 
are all 9 feet in length. The successive lengths are connected 
together by means of wrought-iron covering hoops 9 inches 
long, made of the same outside diameter as the tube, so as to be 
flush with it. These hoops are from J to i inch thick, and the 
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ends of each tnbe are reduced in diamBter by turning down ' 
4i inohes from the end, to fit inside the hoops, as shown 
n.i.^.- <!. ^'S- 2''9- A lioop 's ehmnk £kst on i 
end of each tnbo, leaTing 4 J inches of 
socket projecting to receive the end of the 
nest tube to be eonncoted. Four 
rows of screws with countersnnt heaSe, 
pla,ced at equal difitances round the hooji 
are screwed through into the tubes to 
couple the two lengths seeuroly togelliM. 
Thus a flush joint is obtained both jnffldB 
and outside the tubes. The lowest tube ia 
provided at the bottom with a stee 
having a sharp edge for penetrating the 
ground more readily. 

In small borings, from 6 to 12 inches 
diameter, the tnbes are inserted into the 
bore-hole by means of screw-jacks, by the 
simple and iaexpensive method shown in 
Figs. 210,211, The boriog machine foun- 
dation A A, which is of timber, is weighted 
at B B by stones, pig iron, or ajiy available 
material ; and two screw-jackB C C, each 
of about 10 tons power, are secured with 
Fig, ao9. tiie screws downwards, nndemeath the 

beams D D crossing the shallow well E, which is always ei<»- 
vated at the top of the bore-hole. A tube F having been lowered 
into the mouth of the bore-hole by the winding engine, a paii of 
deep clamps Q are screwed tiglitly round it, and the screw-jacln 
acting upon these clamps force the tube down into the ground. 
The boring is then resumed, and as it proceeds tho jacks kb 
occasionally worked, so as to force the tube if possible even 
ahead of the boring tool. The clamps ore then slackened and 
shifted up the tubes, to suit the length of the screws i 
jacks ; two men work the jacks, and couple the lengths of tnbes 
as they are snocessively added. The actual boring is carried on 
simultaneously within the tubes, and is not in the least impeded 
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their insertion, which aimply involves the labour of an addi" J 
lal man or two. 

Fiu. 210, 
^ihertiming Apparatus -widySoWfoAi 
_ Side- Elaraiintu 
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A more perfect and powerful tube-forcing nppar* 
adopted where tuLee of from 18 to 24 inchea diameter h 
be inserted to a great dej 
illustration of which is af 
hy an extensive piece of w 
the HoTse Fort, standing 
channel at Grosport. Thl 
is a huge loaud tower, as I 
in Fig. 212; and to snpp 
garrison with fresh water, t 
hole ia sunk into the chal 
caet-iixin well A, coneistl 
cylinders 6 feet diametet 
feet long, has been Bank £ 
into the bed of the ehaa 
the cent 
the fort, 
from tha 
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tubed the wholo distance 

cast-iron tubes 1 inch 

' r _ coupled OS before deacribi 

h The method of inserting 

_' tubes is shown in Fig, 

Two wronght-iron colnmi 

6 inches diameter, are 

secuied in the position i 

by castings bolted to tbe ) 

I ' of the cylinders A A & 

(4 I ' I * -• tiie well, so that the two < ' 

aiL jicriiillv i^nil ii-iil pnrillel to each Other. A cai ' 

cjnj'in^ 0(1 iU> uiilor Bido two 5-inch hydraulic i 
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4 f»jet length, is formed, eo as to slide freely batwee 
wbicli act ae gaiiles; the bole in the centre of this caattng 
large enoiigli to pass a bore-tube freely thrutigh it, eni \ 
meooB of cotters i)asscil through the elote in the colonmB 6 
casting is securely fixed at any height. A second casting 1 
exactly tha same shape as the top one, is placed upon the topi 
the tubes B B to be forced down, a loose wrought-iron i 
being first put upon tho shoulder at the top of the tube, It 
enough to prevent the casting E from sliding down the onh 
of tho tubes; this casting or crosshead rests unsocured on 
top of the tube and is free to move with it. The hydnnB 
cylinders I, with theii rams pushed borne, are lowered upon til 
crosshoad E, and the top casting D to which they are attaclit 
is then secured firmly to the columns C by cottering throaj 
the slots. A small pipe F, having a loEg telescope joii 
connects the hydraulic cylinders I with the pumps at i 
surface which supply tho hydraulic prCESiire. By this arrang 
ment a force of 3 tons on the ai^uaro inch, or about 120 to 
total upon the two raras, has frequently been exorted to foK 
down the tubes at the Horse Fort. After tho rams have mi 
their full stroke of about 3 feet 6 inches, tho pressure is let i 
and the hyda'aulic cylinders I with the top casting D slide do 
the rams resting on the croesbead B, until tho rams are ag 
pushed home. The top casting D is then fixed in its ii 
position upon the oolnmns C, by cottering fast ns before, t 
the hydraulic preaaure is again applied; and this is rcpeate 
until the length of two tubes, making 18 feet, has been force 
down. The whole hydraulic apparatus is then drawn a 
to the top, another 13 feet of tubing added, and the opora^ 
of forcing down resumed. The tubes ore steadied by guides 
G and E, Fig. 213, shown also in the plane 

The boriDg operations arc carried on uninterruptedly doiinl 
tho process of tubing, excepting only for a few minutes wh« 
fresh tubes are being added. It will be seen that the cast^M 
well is in this case tho ultimate abutment against which tl 
pressure is exerted in forcing the tubes down, instead of tt 
weight of the boring machine with Etonea and pig iron h" 
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IS IB tLo ciLi>e wliere the Bcrew-jacks are used; tbe hydraulic 
inelhod was dosigned speckU; for the work at GEosport, and has 
noted most perfeutly. Both the coBt-iron well and the bore-hole 
ato entirely shut off from all poreolation of aoa-wftter, by first 
Oing up the well 30 fact with clay round the tubes, and making 
Hio tubes themselTes water-tight nt the joints at tbe time of 
[iiitting them together. 

Ill tbe event of any accident occurring to the tubes while they 
are being forced down the bore-bole, such ag requires them to 
be drawn up again out of the hole, the prong grapnel, Fig. 204, 
ia employed for the purpose, having three expanding booked 
prongs, which slide down readily inside the tube, and spring 
open on reaching the bottom ; the hooks then project underneath 
the edge of the tnbo, which ia tbns raised on hauling up the 
grapnel. In case the tubes get disjointed and become crooked 
during the process of tnbing, the long straightening plug, Fig. 
205, consisting of a stout piece of timber fhced with wrought^ 
iron stripB, is lowered down inside them ; above this is a heavy 
cMt-iron block, tbe weight of which forces tbe plug past the 
part where the tubes have got displaced, and thereby straightens 
them again. 

Although there are few localities where the geological forma- 
tion is not fevourable to the yield of pure water if a boring he 
uarried deep enough, yet it rarely happens that free-flowing 
wells snch as those in Paris and Hull are the result. Gene- 
rally after the water-bearing strata have been pierced, the level 
fcj which the water will rise ia at some depth below the surface 
of the ground ; and only by tbe aid of pumpa can the desired 
supply be brought to the surface. Various pumping arrange- 
ments have therefore been adopted to suit the different condi- 
tions that are met with. 

It is not the object of the present work to treat of the forms 
and fittings of pumps, and the following details are only given 
as completing Mather and Piatt's system. 

It is always desirable to sink a cnst-irou well, such as that at 
the Horao Fort, as nearly as possible down to the level at which 
the water stands in the bore-hole. The sinking of such a well 
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tlirongli the extent of the arcs shown by the dotted lines in Fig, 
The solid pnmp-rod E suspending the bottom bncket S 
is attached to the upper bell-croak lever K, and the hollow rod 
G of the top bucket is BUBpended from the lower lever H; tlu 
crank-shaft J working the levers is made to revolve in the 
direction Bhown by the arrow in Fig. 220, by means of gearing 
driven by the horizontal steam-engine P. 

The result of this arrangement is, that in the revolution of 
the crank the dead point of one of the levers is passed before 
that of the other is reached ; so that the bucket which first 
comes to rest at the end of its stroke is started into motiim 
again before the second bucket comes to rest. Thus in th* 
lifting stroke of the bottom bucket worked by the nppex 
lever K, the bucket in ascending has only reached the poeitiov 
shown at D in Fig. 220, at the moment when the top bocl 
worked by the lower lever H arrives at the bottom extremity d 
its stroke, and tl)o bottom bucket D, which is still rising, cc 
tinues to lift until it reaches its highest position, by which til 
the top bucket has got well iiito motion in its up stroke, and il 
in its tiu'n lifting the water. 
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CHAPTER Vri. 

[ EXAMPLES OF WELLS EXECUTED, AND OF DISTEICTS 
SUPPLIED BY WELLS. 

pEBuuM Strata. 
I.— Large qnantities of water are pumped from the lower 
Pennion Eandstono beneath, the magneaian liineBtons of this 
county, and aro used for the supply of the townB of Sunderland, 
South Shields, Jarrow, and many villageH. The quantity, cal- 
culated by Daglish and Foster to reach five milHona of gallons 
a day, is obtained from an area of fifty square miles overlying 
the coal measures. The watei-Ievel has not been lowered in 
the rock by these operations. Along the coast it is that of 
mean tide, and inland rises to a level of 180 feet. In the coal 
measures below there is little water, and that little is saline. 
Sedgwick gives the strata as red gypseous marls, 100 feet ; thin 
bedded grey limestone, 80 feet ; red gypseous marls, sKghtly 
salt, 200 feet ; magnesian limestone, 500 feet ; marl slatfi, 60 
feet ; lower red sandstone, 200 feet. 

Coventry. — Warwickshire. The town is supplied with 
750,000 gallons of water a day from two bore-holes made in 
the bottom of the reservoir. Tie hore-holea are respectively 
6 inches and 8 inches diameter, and 200 feet and 300 feet deep. 
The town is situated on the Permian formation, but Latham 
states that the supply is procured from the red sandstone, and, 
from observations made, it has been found that the two bore- 
holes yield water at the rate of 700 gallons a minute. 

Trias Strata. 

Birkenhead. — There are hero several deep wells belonging to 
the Tranmere Local Board, the Biikenheod Commissioners, and 
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WirralT 

section b 

No. 2 or new e&giue well at the Birkenliead WalQTffOi'kL ^M 
The shaft JB 7 feet diameter for 105 feet, with a bore-hole M H 
inches for 35 feet, 18 inchee for 16 feet, 12 inches for 93 fefl, ■ 
and 7 inches for 150 feet, or a tuta,] depth from Burface of 109 H 
The wat«r'loTel ie aboat 95 feet from surface when Dm H 
i is not at work. At the upper water-level, shown in tlK H 
26-inch hole, the yield was at the rate of 1,807,400 gallons m ■ 
twenty-foor hours, at the lower level at the rate of 2,000,009 ■ 
gallons in the same time. At the water-level indicated in tie H 
7-incb bore, water was met with in large quantities. The oU H 
engine well is slmoet identical. I 

Figs. 224, 226, are a section and plan, and Fig. 226 enlargal I 
parts of the well at Aspinall's brewery, Bii'kenhead. It conBifte I 
of a shallow shaft 5 feet in diameter and steined, continned by H 
means of ii'on cyUudere 3 feet 3 inches in diameter and 50 feet I 
in depth. When sand with mnch water of poor quality wsa I 
met with, a series of lining tubes was introduced from the point I 
A A, the space between these and the cylinders being filled vith I 
concrete. The tubes were discontinued at the aandBtone, tsi I 
the lowest portion of the hole, 3 inches in diameter, is 'i"lin«J. m 
The water overflows. I 

Figs. 227, 228, arc a section and plan of the well at Cook"* I 
brewery, Birkenhead. The shaft is 6 feet diameter, lined trith I 
9-inch Bteining, and is 66 feet deep. At 29 feet from surfftM I 
it is enlarged for the purpose of affoiding increased storage I 
room for the water. There is a 16-inch pipe at bottom of ahufl I 
49 feet deep, continued by a 12-inch bore-hole 13 feet into the I 
red sandstone. The water-level is 27 feet from the surface of I 
the ground. I 

Sirmingham.—Ont of the 7,000^000 gallons a day supplied to I 
the town in 1865 by the Waterworks Company, 2,000,000 were I 
derived from wells in the new red sandstone. In that year ad ] 
Act was passed authorizing the sinking of several new well<, 
whereby the quantity may be greatly increased. 

£urton-on-Trenl.—Eig. 229 is a section of the well at Hm 
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lower BtratB perfectly free from admixture with that from aW& I 
There is o eteineS Bhaft within which is an iron cylinder, mJ I 
this again is lined with brick Etoining boclced with concnftfl 
The bore-hole, 182 feet deep and 4 inchea diameter, is lind I 
througUout with copper tuhes. At the top the bore-bole if 1 
anrrounded with a short tube upon which a thread is out, Ml 
that, if necessary, a pipe may be screwed on and np to Bnr&M. I 
The water riaea to within 6 feet 3 inches of the level of till I 
ground. Fig. 230 is an enlnrged section of the arrangemsnti j 
at the top of the bore-hole, and Fig, 231 an enlarged section d 
the pipe joints. 

Creuie.^CheBhire, A very plentifol supply of water for tie ' 
supply of the town and works of Crowe is obtained from a well | 
sunk in the new red eandatono. The water ie said to be TOf ' 
pure, and from the aualyais of Dr. Zeidler it appears that then 
are only 6 ■ 10 grains of solid matter to the gallon. 

Leamington.— The well in this town is situated at the foot of 
Newhold Hill, and ia 5 feet in diameter and sunk to a depth of 
BO feet. At the bottom of tho well a bore-hole, part of the wsj 
18 inches and the remainder 12 inches in diameter, is carried 
down 200 feet. It passes throogh altomating beds of marl and 
sandstone, and the surlace water met with has been bricked or 
pnddled out. Tho yield is about 320,000 gallons in tweatj- 
four hours. Previously to this well being made, a trial-boriag, 
of which Figs. 232, 233, are sectione, was made. This boring 
was lined with iron tubes 9 inches in diameter for 17 feet, inade 
this 8 inches in diameter for 22 feet 9 inches, and within this 
again a 5-inch tube. It was continued by a 6-incli boro reduced 
to i^ inches, and at bottom to 3 inches. 

lanerpool. — Tho oldest wells are at Bootle, to tho north of tbs 
town ; these consisted in the first instance of throe lodges or 
escavationa in the rock, covering about 10,000 feet super and 
about 26^ feet deep. These were covered with timber or slate 
roofs, and in them 16 hore-holes were sunk, of various diameteis 
and at depths ranging from 13 feet to 600 feet. In 1850 the 
yield of one of these bore-holes was 921,192 gallons in twenty- 
four hours, and the total yield in the same time only 1,102,065.1 
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Tho nator woe collected in the lodges and convened b; t. tmmdl 
255 feet to a well 8 I'set in diameter and 50 feet deqt, {kbm 
wbich it was pumped. The yield of the Boutlo well ii 
WBS G43,G78 gallons a day. Since this time a new well of onll 
form, 12 feet by 9 feet and lOS feet deep, has been siuik,uidit' 
its completion the yield roee to 1,575,000 gallons a day, but 'i I 
has again diminished considerably. 

The Gteen Lano wells were commenced in 1845, the saiba | 
being 141 feet above the Bca-level and their depth 185 ivoW 
41 feet below tho sea-leTol. Headingx estond in all about 3M I 
feet from the shafts in various directions, three separate Sida I 
being carried up to the surface. At first the yield was 1,250,000 I 
gallons a day. A bore-hole, 6 inoliee in diameter, n 
driven to a depth of 60 foet from the bottom of the well, ffbai 
the yield increaaed to 2,317,000 gallons. In June, 185fi, the 
boTO-hoIe was widened to inches and carried down 101 feet 
farther, when the yield amounted to its present supply of oni 
3,000,000 gaUons a day. 

Tho large quantity of water yielded by the Green Lane ireU 
is probably due to the existence of a large fault which it 
sidered to pass in a north-westerly direction by the well. Is 
1869 a bore-hole, 24 inches ia diameter at tho top and diminisb- 
ing to 18 inches in diameter, was eunk from the bottom o 
new shaft, 174 feet deep, to n depth of 310 feet, and the addi- 
tional (luautity of water derived from the new bole was alwnl 
800,000 gallons a day. 

The Windsor Station well is of ova! form, 12 foet by 10 feet 
and 210 feet deep, with a length of headings of 594 feet, mi 
a bore-hole 4 inches in diameter and 245 feet deep. The yield 
is ;>SO,000 gallons a day. 

The Dudlow Lane well is also oval, 12 foot by 9 feet, Uii 
is Bunlt to a depth of 247 feet from the surface of the groimd. 
Headings have boon driven from the bottom of the well for t 
total distance of 213 feet, and an 18-inoh bote-hole has been 
sunk to a depth of 196 feet from the bottom of the well, wMob 
is chieSy in a close hard rock, with occasional white beds front 
which the water is mainly obtained. Tlie yield is nettrlf 
1,500,000 gallone a daj. 
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The totftl veekly supply from wells in Lirerpool is a 
of 41,000,000 gallons, and there are also a. great nonAeil 
privAte wolls ilraning water fzom the sandetone, and (1 
may bo roughly estimated at 30,000,000 gallons a week. 

Longlon, Staffordshire. —The Potteries obtain a portioD of ft 
rapply frtim a series of wells at Longton, which ore ehcmnfl 
the diagrammatic sectional plan. Fig. 234. The well i 




No. 1 id 12 foet in diameter, and 135 feet deep in the new It 
sandatouo. Wlion fluished the water rose to within 35 feet frw 
the Burfoco. The cost of the first 46 feet was 3/. lOs. a yard; I 
the second 45 feet, 6/. 10a. a yard ; and the third 45 feet, 9t 
yard. When this well was 36 feet down, a large qunntitrl 
water was met with, so ft heading was driven at that depth i 
the direction of No. 2 well ; this, after 3D feet, poGsed tbrao^ 
fault which drained off the water, and the ainkiug of So. 1 
proceeded with. After the engine had been erected and 
ing some short time, it was proposed to drive headings from I 
bottom ; but on-ing to the pumps taking np so much iwan 
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^■{t, there wua sot Bpace enough for einking opeTations wl 
BSied on, and No, 2 well was therefore sunk for convenience ' 
I, at the coat of about 308. a yard. When JJo. 2 was down 
«iet, a trial bore-hole 3 inches diameter was put down, and 
sr roao in a jet about 3 feet high. The well was then con- 
ed to the level of No. 1, and a heading, 39 feet long, driven J 
Peon the two shafts. No. 2 has now a 12-inch bore-hole afcfl 
■oni, down 54 feet. 1 

Ceadings have also been driven W. and N. of No, 2 well, at 
>st of 308. a ynFii. The western heading is 213 feet long, 
"en with a slight rise, and gave ranch water. There are two 
iings N., running in the direction of the railway, one over i 
other. The lower was driven level with the bottom of tltei'l 
"t, but no water met with ; the upper is 36 feet from thna 
*ace, and is intended to carry away enrplue water down to stM 
I of earthenware pipes which are led along tte railway UiM 

wx the eastern heading there is a rise of i feet, owing to the I 
3ro of the strata ; and after it had been driven 510 feet, well ■ 
3 was sunk for ventilation and for drawing out raaterial. I 
iad of very hard sandstone, 63 feet long, was passed, coat M 
LOa. a yard, and beyond camo marl, in which driving cost 45a. I 
nrd. This heading was continued 330 feet beyond No. 3, I 
an air-hole 3 inches diameter put down 126 yai;ds deep,. B 
no water was met with. The bed of bard sandstone was I 
. found in driving the lower N. heading, which was discon- I 
led after going into it some 5 or 6 feet. The yield from I 
le wells is about 600,000 gallons a day, and recently a nev I 
3-hole at No. 3 well, when down 350 feet, gave some 380,000 . 1 
.oua a day additional, I 

JeeJt. — The Potteries waterworks have also wells at tho Wall- I 
age Springs, near Leek; these rise from the conglomerate I 
s, and are Btnted to yield 3,000,000 gallons daily. The water I 
D these springs is pumped into Ladderidge reservoir, and is I 
ributed irom thence into the town of Newcastle-imder-Lyme I 
tho Potteries. M 

Uddle^oroagh. — Tho Figs. 235 to 238 are sections and plans I 
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foot, At tho bottom is a, 13-incli bore-hole 100 feet 3 incltfl 
deep, unlined. Tbo wator is abnndnnt. At IdvcI of Qie bdlj 
^.,_ ,,„ » heading, C foet liigh, 5 feet wide, II 

27 long. Las beea driven, to itfford KWn| 

Woherhamplon, — This town is pwtiiUlB 
snpplied from wells ennk in tie ua* » 
BandstouQ. There are t^vo Bhaftfl,ft 
; diameter and I 

459 feet long, and 1 
boring of 390 feet. 
when first conijleted w 

Eclem, Lancashire. — Stipi^ 
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abont 670,000 gallone daily from two 
each 210 feet deep, in the neiv red 
Each well has a bore-hole at the 
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\ works is sunk and bored 253 feet 3 inck 

the lias. The shaft ib steined with hridt 

'h- wort and iron cylindors in the folicn 

order: for 16 feet 9 inehes in depth ( 

well is 7 feet G inches in diameter, line 

with briokwork ; at this depth two f 

iron cylinders 5 feet 6 inches diameter « 

introduced, which ai'e again succeedcJ 

9-iiich brickwork, eommoncing at 5 ( 

6 inches internal diameter and widenit 

ont to 7 feet 6 inches in diameld 

„y The bottom of the shaft ia ^^ 

with bricks at a distance of IS 

.. . , fget from surface. At this pffli 

" 1 1' ' '. the boro-liule commences, aod 

' the first 31 feet it is lined » 

Elj, jiij, Wvatsh ^i^ies, which rise inlo i 
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shaft 5 feet abave the floor. The i 
maining portion of the bore-hole, 102 I 
feet, is 9 inches dinmeter. 

Swanage, Dorset. — The section and ^ 
plan, Figs. 241, 2i2, nro of n weU at ' 
Swanage, sunk 60 feet and bored 53 feet, 
the lining tube rising 8 feet into the 
shaft, which is 5 feet 6 inches in dia- 
meter, and lined with 9-inch steining. 
The strata passed through ore clays 
and limestunee, and may perhaps be 
referred to the Purbeek beds. At first 
this well yielded little or no water, but i 
it now gives a sufficient supply. 

Cbbtacboos SrRiTi. 

Bishop Stort/ord. — The waterworks and I 

well ore sitnato west of the town, : 

the farm buildings known as Marsh J 

j^^j,^-^ I Barns. The shaft is 160 feet deep, the I 

""S^S^t bore-hole 140 feet. The foUowing i 

section of the strata ; — 

Fwt. 

BOULDEB ClAT 17 

London Cut, m feet ; — 

Brovm Clay 14 

Block Clay 2 

Bliwk Sandy Tjoani, with iron pyrites 12 

Black Clay, with lignito " 

Dork Grey Band, witli large pieces of Bfinilstone nod 

shtlU 15 

tsiNQ Bbos, 4.11 itet ; — 

Black CUj 2 

BromiClay 20 

Light Brown Sand 0^ 

YariiigH ted Sand IS 

BtrtWii Clay * 

" Flints and Pebbles 1 

To Chalk 116^ 



Feet In. 
3knaEr--r Arwui 336 

71-.TJ. •^tw>r~ S^j^r 30 



4 



366 

::^.i 88 

Hi-.-.u: 10 

113 



568 

3««r 3inr C^mwatju — Siaiii «k tiie engine-hoofle 
bkCititsvu :h« :'«v rtj^vrruios^ Tbtf veil is 171 feet deep, and is 
siMiwa pitftiY -mrtiix obvkvocs :«QiI p^nlr with iron cjlindeis. 
For !:£ aduft itt hfpth ^e ^vqH :i$ II sws 6 inehes in diamettir, 
siiid :»biuiM ^lih I-^-^imra occkvork ; fi>r « fiother depth of 44 
!»^ it i^ ^ ^d«< iinmeckir ;iaa sCHtniid wish Scinch brickwork ; d 
aite ^ ?e«i, -kl nM( vt* liiwd yixcl gumkbl cylinders, 8 feet 
luuiMier. wiii%.*h atv ^ilsu ou:^^ tti « «iep^ cf 105 feet from the 
siirsfti;^. Tht^c^ ;ir^ dfte^m oyluiiihiis of diis «» in use, and they 
}irv sticceediAi bv jfih«»:» :> 3b%^ I'J uitfhft!« diameter, of which there 
«%f dix ill lUJt) : ;iitit» .ic^ ^ttgniii soL^ce^iied hr two CTlinders 6 feet 
diAUi^ctjr. Thxi whoI«> ^;i the oviindiers are 6 5aet in depth. The 
Ik^uui 'A xhKi !asc cvlixtaer is IIS ct^fi fccm the sar&ce, at which 
pome xhtsy T^tn upvu a ^auuadon oi 'i-inoh hnck steining 7 feet in 
vl&pih. A: rhu bucsum ai :uie >-icmc cjlmiiefs the weU widens ont 
in ikbtf ibna kj£ a cune li fbet; o iiichi» diameter at the flocr, which 
is 26 ie^ beluw the buttoiu ai isbe o-^eet CTlmiier. In the coitre 
of thai wall a bun>-bule, S iiicae» diiuneter azid :i7 feet deep, ^ras 
BUMie, aod th^ well itf pr«jviiied on the lioor4eTel with headings. 
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^nr.'w.'ij Kjkiw'a 16 

CiK^ivivL so 

Blue Clttv 45 

y^UowOay 2 

Kkwdlv; Hkm« ol feet; — 

Whitteisiuid 12 

Dark :$imd 39 

To Chalk 107 6 

Caiut 63 6 

Total 171 
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it Bide of which, nearest the sea, is more than 60 f« 
Lin the middle or bottom of the basin. The water ia 
as at Leives Road, from fissures running generally 
nngles to the coaBt-line, but they are of much larger 
1 at far greater distances from each other; wheieue at 
i Eoad well it is rare tliat 30 feet of headings were 
i without finding a fissnie, and the yield of the largest 
o than 100 to 150 gallons a minute. At Goldstcine 
ly 160 feet were traversed without any resnlt, and then an 
mous fissore was pierced which yielded at once nearly 1000 
ms a minute ; and the Bsme interval was found between 
^next fissure, which was of a capacity nearly as large, 
length of the headings at Goldstono Bottom is 18,000 U 
l^eld from each well is about 3,000,000 gallons daily. 
helmnfoTd. — The well belonging to the Local Board of 
Ith, situated at Moulsham, yields about 95,000 gallons of 
r a day. It ia sunk for 200 feet ; the rest bored. Water 
powed at first, but now that the well is in use and pumped 
the water only riees to 76 feat from the surface. 
fing strata were pierced ;■ — 

Fwt. 
K Boil (Mould) 3 

I, 6^ feet;— 

Yellow Olay . . 2 

Gmvel 12 

QniokeaDd 14 

Sautl, with miinea i 

WDON Out, 186i feet ;— 

Ciay 10* 

OIny, with rand 50 

Bark Sand 12 

Clay Slate (? aeptaria) 

Clay and Sheila 4 

OJfty Slate (? aeptaria) 

Dark Sand and Clay,. .. 9 

Band and ShelU 4 

PebblBfl 1 

DOLTICH Beob ; — 

Band 7 

Bed Clay 12 

Ch.y and Band 64 

Coriied fotwatd ^"J 



.000 

this ^11 
Th&^H 



Will ai Hiqhbdxi. 
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Highhury, MiddleBeJC — Well at the re- 
sidence of H. Eydon, Eeij., New Parfc 
Figs. 213 to 245. The shaft is i feet 
6 inchea diameter, and 136 feet deep, 
steiued with d-inch work set in cement. 
The bore 'n'a.s commenced with a 12-inch 
hole, but the character of the ground was 
Buoh that the successive reductions in size, 
shown iu the enlarged section of the lining 
tubes, rig. 2i5, hod to be made. When 
in the chalk the bore was continned some 
48 feot unlined. The strata passed were ;— 

GitAVRL 3 feet 

London Clay, 111 feet; — 

Blue Clay 110 „ 

Clftystone 1 „ 

READDiQ AKD TBANKT BANII, 85 ftCt r^ 

MnttlfdCky 25 „ 

Coloured Sand 80 „ 



To Chalk 



— IS Chalk 



19!> ,. 
50 ^ 



249 „ 




KentigJi Torni. — This well was sunk nnder 
the Enppoaition that as the outcrop of the 
subcrctaceons formations was continuous 
around the margin of tbo cretaceous basin 
surrounding and underlying the London 
tertiariee, except at the eastern border, 
those subcretaceous formations would be 
found under London, just as they actually 
were at Paris. This proved tii be the 
until the ganlt was passed, when r Beriefl 
of sandstones and clays was eDoountered* 
occupying the pltice of the lowor greensaod, 
but evidently of older geological ohoractei, 
and having many of the features of the 
new red sandstone. 

The surface of the ground. Fig. 246, is 
VI4 ieet B.\iuve Tbaiaea high-water mark. 

oi the fitTO.'tv. AB 3nife Wi"?wa}c*fifiii- 




LosuoN Clay, 236 feet ;— 

Yellow Clay 

Blue Clay, with septaria 

Bbadcno Beds, GIJ Cidet ; — 

Bed. Yellow, and Bine Mottled Clay . . 

White Sand, with flint pebbles . . . . 

Block Band, paasiag iato the bed below 

Mottled Green aud Bed Clay 

Cliiyey Sand 

Dark Grey Sand, with layers of olay . . 

Agh-Mloured Quicksand 

"^tPebblea 

Carried foiwaid 
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Fig.a4s. 

Bcouglit forward 
Thanet San-d, 27 feet;— 

Ash-coluured Sand 

Clayey Sand 

Dark Grey Clayey Sand . . 

Anguliii' Green-coated Flints . 
Chalk, with Flints (? Upper Chalk) 2Mj f et 

Chalt, with fliuts 

Hard Cbalb, nitliont flltita . . 

Chnlk, Bofter, with n fev flints 

Nodnlar Chtilk, wittv flimo \k4s ot Wholar fl 

Catticfl [oT«»t4 



Broaght forward 

[ALK, WtTB FLiNTa, cantinaed ; — 

Chalk, with layora of Hint 

Chalk, with a fuw flints and patches of xand 
Very Light-grey Chalk, with a. few flinta . . . . 
Chalk, without Fustb (Lower Chalk), 341 feel; — 
Light Grey Chalk, aucl a fovr thin heda nf marl . . 
Grey Chalk Marl, with uompact and marly becla 

and occairioiial pycitea 

Girey Marl 

HBider Grey Marl, cvither sandy and with occa- 

aianal pyrites 

Chalk Mahl, 59i feet ;— 

Hard Koch j Marl (? Tottenhoe Stone) , , ... . . 

Bluiah Grey Marl, rather BamJy, lowttr part more 

clayey 

UpPEB GlOlESSAHIt : — 

Dark Green Band, mixed with grey clay 
■Gaulx, 130i feet:— 

Bluish Grey Micaceous Clay, slightly saudy 
The same, with two layers of clayey gioensund . . 
Mitsceaus Blue Clay ; at bane a ^yer full of phos- 
phatic nodules 

IjOWEB GBKOISAIiD (?), ISSJ feot l^- 

Ked and Yellow Clayey Sand and Sandstone 
Compact Bed Clay, with patches of vaciegaled 

sandstone 

Dark Red Clay 

Sed Chty, Whitish Sand, and Mottled Sandstone. . 
Hard Bed Conglomerate, with pebbles from the 

Bize of a marble to that of a cannon-ball 

Uicaoeoua Bed Otay, mottled in places 

Layers of White Sandstone and Bed Sand . . 

MoMIed Sandstone 

Bad Band and Sandstone, with pebbles (e. epring) 
Layers nf Bed Sandstone and White Sand . . . . 

Pebbly Bed Sand and Sandelono 

White and Bed Snndstane 

Fine Liglit Bed Sand 

Hard Sandstone 

Very Fine Light Bed Band 

Bed Chiy . . 



Clayey Sand 

Red Sandy Mh 

Compact Hard Greenish Sandstone 



Red ftindy Micaceous Clay, with Eandstone. . 



Very Micaceous Bed Clay 

Grey and Red Clayey Sand 

Light-coloured Soft Sandstone 

Bed Band and Sandstone 

Greenish Sandstone 

WMte and Grey Clayey Sond, with Iron pyrites . 
Beddish Clayey Sand, with layers of aandetone . 

Carried forward .. VlYi ^ 



Brought forward . . . . . . . , IZl; 

I^WEK GRKFJiiMsiJ {V), omlinutd; — 

Miwiwous Bed Clay II 

Grc-etiiah l^lllU^lBe i 

Bed Muttl<?(] Miaic^oDB Onj, is-ith pntcbpa of Htnd i 

Betl Quartzusi.- Micacenus Sonilstone 

Brovmutli-renl Clujc; Sund and Sandetone .. 
Very Unid Miuaceoiu Stmdntoue, with pebbles of 

white quartz 

I.ifrlil Red Cli.yey Band ii 

Red Micaoeous Quaitioaa SandHtonc 

Light Bed Clajoy Sand, nuiutl fra^'meiitB of cliulk 
Whilisb and Gieenieh Uard Micacuitu SaodatoDe 

Tola! ISO 

TLe engnmagB, Fige. 246 to 2i% which are oa tho au^uir 
of G. E, BomQll, du not eiactly agrco with Prestwich's sectii 
bat in the nuun they ore both olilie. The foUuwing Bnmiu 
may be tovnA of service ; — j^^ j^ 

London Ctaj 23S D 

Ijjwer LuDdoD Terliiuies 83 t 

Ctialk 6H 9 

Upper Greenaand 13 9 

Gaull 130 6 

Lower Oreeneand (?) IMS 6 

J^chelmenh, Hftnts. — Fig. 250 ehowa a section of a well 
this viUftge, cojuprisod within tho writer's practice. The d 
is i ft. G ill. in diameter and 400 feet deep, eteined both ftb 
and below the chalk with 0-incb work, tho upper conrse h>i 
rings of cement at every 12 incliea. 

The strata pierced were ; — ^.^^ j^ 

Surfoi^e Soil -10 

Dark Clay 27 

Chalk !30 D 

Band of Calcareous Sand 2 6 

Uppsr Grecnsaud 17 



The water rises some 19 foct in the shaft, and is abnndi 
althongb np to the present its quantity has not been tested. 

Mile End, Middleses.— WoU at Cbarrington, Head, and fl 
brewery. Figs. 251 to 253. The surfaco is 33^- feet 
Trinity high-water mark. 

In the upper part tbero aitj tiiEfto iioa cylinders bnilt v\ 
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)-iBcIi brickwork, which is curried down into the mottled clay. 
4 9-inch iron cylinder, pftrtially supported by rods from the 
some 23 feet into the brick shaft into wliich.it is 
iciMEBsu. built by meocs of rings. Another irou 
cylinder is carried dovvn into the chalk, 
tho space between the cylinders being 
filled in with coDcreto. 
The strata passed were ; — 












Brovm Sinid 

Green Sand and Pebbles 

Grey Sand and small Pebbles . . 
Dark Grey and Greun Sand 
< Orean Sand and Given-coated Flintu 

I To ChaJi 

I Chalk Flints 

Hard Chalk and Water 



Madk Eakth. 

Vallet Deift, G feet ; — 

Sand 

Losiwy CiAT, 8G feet;— 

Blue Clay 

Hard Brown Clay, with 

Brown Sandy Cloy . . 
Hard Brown Sandy Clay, 
rotten at battom . . 
Woolwich and Reading Beds 
Thanet Sasd, 40 feut ;^ 

Gieen Band 

Brownish-greeo Qnickfand 

and Pebbles 

Bronn Sand 

Grey and Browuisli-green 

Sand 

Green Sand and Peblloa . . 



7 



Tntal 204 G 

Tho water-level is some 103 feet from surfaoe, and the yield 
)0,000 to 70,000 gallons a day. 

Norwich, — Well at Coleuian's works. After a few feet of 
Llluviom the horer passed through hard chalk with flints at dis- 
ances of fthout 6 or 7feet apart, for 700 ?eot,Vifc'Oaiei'iKsjCv«e. 
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Eg aiB.tjbiaiwia^ 
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o£ 10 feet at the depth of 600 feet where the rock was soft and 
of a rnsty colour, theaoe the flinte were thicker, namely, about 
4 feet apart to the depth of 1050 feet. After this 102 feet were 
pierced of chalk, Iree from flints, to the upper greouaand, a 
Btratum of about 6 feet, and tliea gault for 36 feet. The whole 
boring being full of water to within 16 feet of the BUrfaoe, 
Section of strata ; — 

F«l. 

AlluTium 12 

Hard Chalk, wilb Bints 183 

Soft Chalk 10 

Hard Chalk 190 

Hard Chalk, flints closer 350 

Chalk without Hints 102 

Upper Greeneand 6 

Gault 3G 

Total 1189 

Pari*. — The wells sank in the Paris basin, of which Fig. 254 
is a section, are very numeroua, and many of them of great 
depth. Fig. 255 is a plan indicating the position of the prin- 
cipal wells, and Figa. 256 to 258 eections giving each a summaiy 
of the nature and thickness of the formatione passed through. 

For boring these wells special tools had to be used, which 
have already been described at length in Chap. VI. 

A large Artesian well was, in 1867, being conetruoted by Dru 
at Butte-am-Cailles, Fig. 255, for the snpply of the city of 
Paris, which is intended to be carried down through the green- 
sand to a depth of 2600 or 2900 feet to reach the Portland 
limestone. The boring in 1867 was 490 feet deep, and its 
diameter 47 inches. 

Daring the previous 2^ years, M. Dru was engaged in sinking 
a similar well of 19 inches diameter for supplying the Sugar 
Refinery of M. Say, in Paris, Fig. 255 ; 1570 feet deep of this 
weU had been bored in 1867, sec Fig. 258. 

The well at GrenoUe was sunk by Mulot in 1832, and after 
more than eight years' incessant labour, water rose on the 26th 
of February, 1842, from the total depth of 180C feet 9 inches. 
The diameter of the bore-hole is 8 inches, ending, as is seen in 
the detail sections. Pigs. 259 to 262, in the lo-sct ^tiieo»»sA. 
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Tlie well of TakJ 
was intended to ba 
exGouted in the Paris 
basin wliich it w; 
tntvcrao with a dio- 
hitherto un&t- 
tumpted, of 1 mStre 
(3-2809 feet); 
if the GrenoUe woU 
being only 20 c 
metres (8 inches 
was eitlculatod that it 
w ould reach the water- 

. S fUA, hearing etrattun at 
ucnrly the aamo depth 

^.,. 1 .,. , I the latter, 

or 10,000 



twenty-four Lonrs, or 
abcntl,78S,240gallonsto2,232,800 ' 
gallons a day. 

FigB. 253 to 2G6 ehon- a delail 
suction of the strata passed. 

The operations were andertnlten 

Kind Tinder a contract with the 

Mnuicipality of Paris, by which 

he bound himself to complete tlw 

works within tho space of twelvw 

months from the date of their 

commencement, and to deliver thn 

above quantity of water for the 

of 300,000 francs, I2,000i. On 

31st of May, 1857— after the 

workmen bad boen 

engaged nearly the 

time stipulated for 
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e CDmpletiDn of the 
, and when the 
jring bod been ad- 
inced to the depth 
1 1733 foet from the 
rface— the oxcava- 
suddealy col- 
hpeed m the upper 
■ Btrati, at about 100 
feet froni the gronnd, 
.ml failed up the bore 
Kiud would have ht,en 
rumed had the engi- 
neers of the towa held 
him to the strict letter 
of hie contract , but 
it itae decided to 
behave in a Lberal 

lease tim from it, 
the to\ra retaining 
Ins eervioes fur the 
completion of the ' 
well, as also the npiht 
to use his patent m i- 
chinery Tho dilji 
culties encouutertd m 
carrying the eioava- 
tioa through the clajB 
of the upper strata 
were found to be au 
serious that, nnder 
the new arrangement, 
it required six years 
and nine mouths of 
ooDtinnous efforts to 
reach the water-bear- 




1S2 EXAMPLES OF WEI.LB EXECUTED, 

ing etrahutt, of whicli time the fhi larger portion was cmfloyd 
in traversing the clay beds. The upper part of this well was 
fiDallj lined with solid mBaonpy, to the depth of 150 feet from 
the Burface ; and heyond that depth tubing of wood and iron bus 




introduced. This tubing was continued to the depth of ISOi 
feet from the snrface, EinJ had at the bottom a length of ooppa 
pipe pierced with holes to allow the water t 
depth the compound tubing could not he made to deEoend u 
lower; but the engineers employed by the city of Paris we 
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ineed ttat tliey could obtain the water by means of a prc- 
inary boi'iiig; and therefore tLey prooeeded to sink in the 
^terior of the above tube of 3 '2809 foet diameter, an inner 
tube 2 feet 4 inchoa diameter, formed of wrought-iron plates 




2 inches thick, bo as to enable them to tniTcrse the clays e 
countered at this zone. At laet, the water-bearing strata wo 
met with on the 24th of September, 1861, at the depth of 1913 
feet 10 inches &om the groimd-Une ; the yield of the well 
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beiug, at tho first stroke of the tool that ] 

15.000 cnbio metroa in 24 Lobtb, or 3,349,200 gal 

it quickly rose to 25,000 cubic metres, or 5,582,000 g 




» day; and hb long aB the eoluiim of water rose withoat al 
aenaible diminutiDii, it continued to deliver a uniform qaaod 
of 17,000 luetree, or 3,795,000 gallonB a day. The t 
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this well was more than 40,000t, inetoad of 12,0001!., at 

b Kind had origmally estimated it. 
t may be questioned whether the engineers of the town 





o justified in passing the contract with Kind to finish the 
work within the time, and for the eiuu at whieh he undertook it ; 
bat the; certainly treated him with kindnQsa and conBideratiun, 



J 
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in allowing him to condnct the work at the eipensa of the dtj 
of Paris, for bo long a period after tho expiration of his contract 
It SQemB, however, that the French well-borers could not at tlrf 
time have attomptod to continue the well npon any other Bjstem 
than that introdncod by Kind ; that is to say, upon the anppo- 
sitioa that it should bo completed of tho diinenaions originally 
undertaken. Experience haa shown that both ateining and 
tubing were badly executed at the well of Paaay. The n 
lining was introduced after Kind's contract had expired, and 
when he had ceased to have the control of the works ; 
wrought-iron tubing at the lower part of the excavation being ■ 
Bubaoqnent idea. It has followed from this defective system of 
tubing — the wood necessarily yielding in the vertical joints — 
that tho water in its upward passage escaped through the joinlsi 
and went to supply the basement bods of the Paris basin, whiclt 
are as much reaorted to as the London sand-beds for an Artesian 
supply ; and, in fact, tho level of the water has been raised in. 
the noighhouring wells by the quantity let in from below, and 
the yield of the well itself has been proportionally diminished, ' 
until it lias fallen to 450,000 gallons a day. That the increased 
yield of the neighbouring wells is to be accounted for by tbs 
escape of tho water from tho Artesian boring is additionall; 
proved by tho temperature of the water in them ; it is found to 
be nearly 82° Fah,, or nearly that observed in the water of 
Pussy, This was an unfortunate complication of the bargun 
made between Kind and the Municipal Council ; but it L 
j^espect affects the choice of the boring machinery, which s 
to have complied with all the conditions it was designed k 
meet. The descent of the tubes and their nature ought to b 
been the subject of special study by tho engineers nf the town, 
who should have known the nature of the strata to be traversed' 
better than Kind could bo supposed to do, and should have u 
eisted upon the tubing being executed of cast or wrought iron, 
80 as effectually to resist tho passage of the water. At any « 
this precaution ought to have boon taken in the portions of Iha 
well carried through the basement beds of the Paris baain, or 
through the lower mombeTa of the chalk and the npper g 
mnd. 
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Ponderg End, Midilieses.^At the works 
f the Loniion Jute Company. It will be 
ien from the Figs. 267, 268, thnt this woll 
I bored allbut the top 4 feet, which ieSfeet 
croaa and steineil with 9-iiich work. The 
ppermost tube is 12 inches in diameter, 
ecreased to 9 inuhee, and then to 8 inches, 
ad ending with a 6-inch bore, unlined, in 

The strata passed were ; — 

ALLrnuM, 6 feot; — Feel. In, 

Clay ana Mud 3 6 

Peat 2 6 

SiNi) akuShibgleCGrai-el).. .. 7 

I^MDON Clay, 15 Tuot ;— 

Blue Clay BO 

Sandy Clay (baaement bed?).. 7 

Readwo Beds, 19.J feet ;— 

DeadSand 10 

Mottled ClajH 23 

Sand nod Metal (pyritea?; .. 10 

Sandy Clay 3 

Sand and PebUes 4 

DeadSaniJ 16 

Dead Band and Pebbles . . . . 10 

Bond and Pebbles 7 

Xhanet Sand (?), 35 feet ;— 

|L Green Band 27 

ILr Dead Sand 8 

H To Chalk 112 6 

B CBAJ.E 230 6 

Totiil .. .. 403 
The water at this well overflows. 



■eshwaler, Islo of Wight.— Well, Figs. 
.9, 270, annfe at Goldon Hill for H.M. 
iveiiuneut, Tho diameter of tho shaft 
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is i feet 6 inches, brickwork 9 inches thick, there are 3 feet 
oenicnt «t llio top of the well, and 3 feet 9 inches at the botto 



Well « Fssaiiniia. Isli 




There are foor conisefl 
csement every 5 ieet, int 
work four courses i: 
Bvory 10 feet. The bi 
hole is lined thronghont i 
pipM of 6 inchee, 5 inches, and 4 inches diameter raspeodTf 
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inchfidd, Hanta.— Well, Figs. 371 to 

t, at the brewery of Messrs. W. Cave 
icA Sciti. The shaft above the steming 
E lined with iron cylinders into which 
;h6 bore-pipe is carried up. 

The strata passed were ; — 

Marte Earth, Soil. Gravel, Blue 

Clay nod Dead Sand . . . . at>(l 

Dark Sandy Clay 3 

Black PabbleB 2 

ColoureJ Clay 5 

Stone (9ept4iria ?) 2 

Coloured Clay 22 

Coawo Shifliiig Sands .... 7 

Total :«! 



The following Table, compiled from 

Government Memoirs and other leli- 

) HOOFces, furnishes in a condensed 

n the most important porticnlars ro- 

Dg to wells, and trial bore-holes 

iprised within the geographical area 

wn as the London Basin. 

The first column gives the name of 

place where the well is sitnated, the 

Woud column that of the county, and 

ihe third column the precise locality. 

The following abbreviations have been 

employed : B. for Bedfordshire ; Borks, 

Berkshire; Bucks, BuckinghamBhiTO ; E., 

EsscK ; H., Hampshire ; Herts, Eert- 

fordshiro; E., Kent; M., Middlesex ; B., 

Surrey. 

uOJ). stands for, above Ordnance Da- 
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CHAPTER Vm. 


1 


TABLES AND MISCELLANEOUS INFOEMATION. 1 


The following tabulated form sliowa tho order of 


.„„™i™. 


the various stratified rocks with their usual thickoesseB. 1 


OnrnpL 


..^ 


IIS 




BECBNT.. .. 


1 Modern Depoaita. 




(E 


PLEISTOCENE 


2 Drift nnd Gravel Bods . . . . 


2OI0IOS 


P 

1- 


PLIOCENE ..'■ 


4 Red CtaK 

5 Sufiblk (Gomlliue) Crag . . . . 


10 to 40 
30 
30 


MtOCENE ... 


6 Falima (Touraini:) Mokaso! 

SQIld3toQ,.fl J 


6000 


5 
o 

o 


a Upper .. 
K Middle . . 

g LoWEB .. 


7 Hijmpstead Sctiea 

8 Bembcidge SorieB 

9 HBHdan Series 

10 Bftrton Beda 

12 Loij<lon Clay and Boguol Beds 


170 

no 

900 

soo 

1200 
200b)S» 


z 

8 


OEETACEOUS 


14 MaeatrichtBeds 

15 Upper Chalk 

16 Lower Cbalk aod Chalk Marl 

17 Upper QreHUBBud 


110 

300 
*0U 
130 
100 
130 
2S0 


19 Speeton Olaj 

20 Loner Oreeusaiid 


WEALDEN .. 


21 Weald Clay 

22 liaatinga Sands 


1» 
600 


° 


PURBEOK .. 


23 PorbeckBeds 


150 


O 


UPPER ( 

OOLITE .. 


24 Portland Book and Sand . . 


150 
401) 


E 


MIDDLE 
OOUTB .. 


27 Coralline Oolite .■■. . . . . 

29 Oiford Clav 

SO Kellaway* feock 


40 
30 
40 
400 
30 


k^. . ■ 


H 
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., 


..,„. 


Tliickneu 
InFMt. 


f 


/ 


31 CombraBh 


10 


1 




3a ForestMarbleimd Bradford Clay 


50 




LOWER 


33 Great Oolite 


120 




OOLITE . . 




9 




35 Fullera' EBith 


50 to ISO 






36 Inferior Oolite 


S0te25U 






37 Upper Lias Sbale 


SOteSOO 




LIAS .. ..{ 


3S MarlatoDe and Shale . . . . 


30 to 200 


n 


I 


39 Loner Liaa and Bone Beds . . 


100 te 300 




TKLiSSIC, or 1 


40 Variegatud Mails or Keopor. . 


800 




NEW BED 


41 MuHTholkulk. 






sandstone! 


42 Bed Sandebine or Bunkr 


600 




PERMIAN or 
MAGNESLAN 
LIMESTONE 


43 R«d Sand and Marl . . . . 


50 




44 l^IflgDeaien Limestone . . 

45 Marl Slate 

46 Lower Red Sandfitane . . . . 


300 
60 
200 


< 








CABBONI- 


48 MiilBteuo Grit 


600 




FEROUe . . 






1=^ 




50 Limentone ehalts 


1000 


c 


DEVONLiN or I 


51 Upper Deronian 1 






OLD RED 








sandstone! 


53 Lower Devonian and Tileatonea] 






( 


54 Ludlow Bdoka 


2000 


() 




55 Wenlocfc Beds 


1800 


Vf 




56 Woolbope Seriefl 


S050 






57 Llandovery HocIcb 


2000 




dUo™ ..| 


58 Caradoo and Bala Rooka . . 


5000 




53 Llandeiio Kocfca 


4000 




1 


60 LinguU Flags 


8000 




^CAMBRIAN .. 


61 LongmyndandCambrianRocka 


20,000 


d i METAMOB- J 


Clay Slale, Mica-Bchiflt. 




5 PHIC ..1 


GneisB, Qimrtz Rocka. 




1^ 1 IGNEOUS . . 


Granite. 






FiwrrisDBiB' 




^ ^ 


SriK^S*. 


*> i 


I-S» 


B 5 


1-3254 


~ » 


I-£SI 


"*" m 


i-5a* 


^ "5 


I-S3S3 


^ * 


i-TC? 


^ • 


I-«17 ' 


^ Hi 


l-l-tiT 


j^ i 


±~33C 


2^ i 


±~?BS 


^i i 


1 3<e& 


> ^ 


3rfr» 


m • 


3-39$ 


:s 9 


v::si? 




V. 


»^ 






t 


■^. 






•* 


■• 


•J*-^. 


•*•".! 




■1 


mtm 


SK3-9 


•* 


*» 


»" * 


»f-- 


■^^ 


4 


^B^« 


SS6 • 




J 


-ft^->* 


^at^^ 


'^■ 


9' 


•5-«f- 


*:5i-f 


w 


> 


■«'-« 


^09^**"' 


^ 


« 


SI?^£ 


SS»'Z 


rr 


1 


"s> 


■"^|£~» ,«^ 


■"i 


« 


3S*-«S 


333»-f 


•^ 


"<♦ 


*- <" 


*Hi-^ 


* 


4 


9B&"£ 


as4^ 


*»■ 


t 


i!Si: "31: 




^ 


< 


-4*1 -Tl 


4417-1 


•• 


* 


^r-!i» 


«>•-< 


yi 


i 


^ft!e--9S 


«ai»s 


i 


i 


TS^-lt 


j^a?-* 
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Bbiokwobx. 

B NUXBEB OF BrIGES AND QUAKTITT OT BbIOKWOBK IN WeLLB 

FOB EAOH Foot in Depth. 
(Huret.) 



Half-Bkok Thick. 


Onk Bbick TmcK. 


Number of Bricks. 


Cable Feet of 


Nmnber of Bricka. 












Cubic Feet of 


Laid 


Laid in 


Brickwork. 


Laid 


Laid in 


Brickwork. 


Dry. 


Mortar. 




Dry. 


Mortar. 




28 


23 


1-6198 


70 


58 


4 1233 


33 


27 


1-8145 


80 


66 


4-7124 


38 


31 


2-2089 


90 


74 


5-3015 


43 


35 


2-5035 


102 


82 


5-8905 


48 


41 


2-7979 


112 


92 


6-4795 


53 


44 


3 0926 


122 


100 


7-0686 


58 


48 


3-3870 


132 
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68 


57 


3-9760 


154 
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79 


65 
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174 
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89 


73 


5-1541 


194 
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100 


82 
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110 


90 


6-3322 
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192 
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120 


98 


6-9213 


254 


209 


14-7263 


130 


107 


7-5103 


276 


226 


15-9043 


140 


115 


8-0994 


296 


242 


17-0825 


150 


123 


8-6884 


316 


260 


18-2605 


160 


131 


9-2775 


336 


276 


19-4387 


170 


140 


9-8665 


358 


292 


20-6167 


180 


148 


10-4556 


378 


308 


21-7949 


191 


156 


11-0446 


398 


326 


22-9729 


212 


174 


12-2227 


438 


360 


25-3291 



I bricks are characterized as being regular in shape, with 
parallel surfaces, and sharp right-angles ; clear ringing 
97hen struck, a compact uniform structure when broken, 
Bedom from air-bubbles and cracks. They should not 
more than one-fifteenth of their weight in water, 
r making liberal allowance for waste, 9 bricks will build 
re foot 9 inches thick, or 900, 100 square feet, or say 
) the rood of 9-inch work, which gives the simple rule of 
iks = a square yard of 9-inch work. 



20G TABLES AND IGeOSLLAlnK)DB UTTOKlUTIOir, 

The roeistance to cmshmg is &om 1200 to 4SO0 lb. a enwiv 
incb ; the roeiEtance to frftctnte, from 600 to 2500 lb. a Gqaore 
inch ; lenaile strength, 275 lb. a square iach ; weight, in mcntu, 
175 lb. a cubic foot; in cement, 125 lb. a cnbic foot 

Compreesed bricks ale much heavier, and consequent!; pro- 
portionatulf stronger, than those of ordinary make. 

SrOBDia WXLL-WATXB. 

The restTvoira for storing well-water should bo covered with 
brick arches, as the water is generally found to become 
rapidly impure on being exposed to the sunlight, principolljj 
owing to the rapid growth of vegetation. Various methods hsTK 
been tried, such as keeping up a constant current of fresh ii 
through them, and a liberal use of eanstic lime ; but so n 
ifl the growth of the vegetation, as well as the chan 
colour of the water, that a few hours of bright sunlight may I 
sutBce to spoil several miUinn gallons. These bad resolts an 1 
completely prevented by covering the reserroira. 

HiNTa ON SuPXEINTKNDlNa WbLIt-WOHK. 

The engineer who has to euperintend the construction of i 
well should be over on the watch to see whether, in the conns 
of the work, the strata become so modified as to overthro'*' 
conclusions previously arrived at, and on account of which the 
well Las been undertaken. 

A journal of everything connected with the work should be 
carefully made, and if this one point alone is attended to it ■ 
will be fonnd of great serrice both for present and future refer- 1 
ence. 

Before commencing a well a wooden box shonld be provided, I 
divided by a number of partitions into small boxes ; these sem I 
to keep specimens of the strata, which Bhonld be numbered a 
secutivoly and described against corresponding numbers in the 1 
journal. At each change of character in the strata, as well u 
every time the boring rods are drawn to surface, the soil shoolil 
~ led, and at each change a small quandly 
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^Baced in one of the divisions of the core box, noting the depth 
^B which it was obtained, with other necesBary partioulorB. A 
^nte should be made of oU the different water-levelB passed 
^Krongh, tho height of the well above the river near which it is 
^Btnated, as well as its height above the sea. The memoranda 
^B the journal relating to accidents should be eapeaially clear 
^nd distinct in their details ; it is necessary to describe the 
^Hbcts of each tool used in the search for, or recovery of, broken 
^Biwls in a bore-hole, in order to snit the case with the proper 
^fepliancee, for without precaution we may seek for a tool 
indefinitely without being sure of touching it, and perhaps 
aggravate the evil instead of romodying it. It is by no means 
a bad plan to moke rough notos of all immediate remarks or 
impressions, is such a manner ns to form e, fall and detailed 
account of any incidents which occur either in raising or lower- 
ing the tools. At the tine of on accident a well-kept journal 
is a precious resource, and at a given moment all previous 
observations, trivial as they may have often seemed, will form a 
valuable clue to explain dJfBculties, without this aid perfectly 
inosplicable. 

When an engineer has a certain latitude allowed him in the 
choice of the position for a well, he should not, other things 
being equal, neglect the advantages which will be derived from 
the prosimity of a road for the transport of his supplies; of a 
well, if not a brook, from which to obtain the water noceasary 
for the eleansing of the tools ; and of a neighbouring dwelling, to 
facilitate his active supervision. This supervision, having 
uften to be carried on both day and night, should be the object 
of particular study ; well carried out, it may be effective, while at 
the same time allowing a great amount of liberty ; badly carried 
out, however fatiguing it may be, it will be incomplete. 

Hate op Pboobbsh op Bohing, 

(Anare.) 

There are probably no engineering operations in which tha 
rate of progress is so variable as it is in that of boring. That 




Wim A* ent of ■wtmilB cad kbonT b known, thftt of tbe 
horiftf my b* ipyraTiwrtflj eadarMted from the abore avenget, 

" BftofM or igneooB rock be met with, the nte of 

[ WOgrnw n»f ba Icm than tutlf the above general arengB- 

\ tUiow 100 jwda, not only does tlio rate of progress rapidl; 

I, hiii t)in matorial required dlmimaheB in like pn^W- 

, wi t)tnt for mijMirfluiul Lorings do snrfaca erectionB tie 

All, uiil till) ou>l Hiukii to two ur three ahilUngs a jud. 




} AND MISOELLANBOOB INFOEMATIOS, 



COBT OP BOEDIG. 



The ooflt of boring when executed hj contract has already 
been treated of at page 80. The following formnla will for- 
nish the same reanlts as the rule there given, bat with the least 
possible labour of calcalation ; 

i = 0-5dCl87+'0187i); 
x being the Giun sought, in pounds, and d the depth of the 
boring in yards. 

Example. Let it be required to know the cost of a bore-hole 
250 yards deep. 

Here 125 { 187 + C'OIS? x 250) [ = £607 '75. 

TEUFBBDia BoBiNo Chisels. 

1. Heat the chisel to a b!ood-red heat, and thca liommer it 
ontil nearly cold ; agnin, heat it to a, blood red and quench as 
quickly uB possible in 3 gallooa of water in which is dis- 
solved 2 oz. of oil of vitriol, 2 oz, of sods, and ^ oz. of saltpetre, 
or 2 oz. of sol ammoniac. 2 oz. of spirit of nitre, 1 oz. of oil of 
vitriol : the chisel to remain in the liquor untU. it is cold. 

2. To 3 gallons of water add 3 oz. of spirit of nitre, 3 oz. 
of spirits of hartshorn, 3 oz. of white vitriol, 3 oz, sal aiomo- 
niao, 3 oz. alum, 6 oz. of salt, with a double handful of hoof- 
parings, the chisel to be heated to a dark cherry red. 

Gasxs m WXLLB. 

The most abundant deleterious gas met with in wells is car- 
bonic acid, which extinguishes flame and is fatal to animal life. 
Carbonic acid ia most frequently met with in the chalk, where 
it has been found to exist in greater quantity in the lower than 
in the upper portion of the formation, and in that division to be 
unequally distributed. Fatal effects from it at Epsom, 200 feet 
down, and in !Norbury Park, near Dorking, 400 feet down, have 
been recorded. At fiexley Heath, after sinking through 140 
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^on 20G 


Valve for mirar 


« 


Sorliwe, height of strata above .. 2^ 


Valves for slieU .. G4, 122 


123, 




11 


Vauihall, well at .. .. 






.. 21 


V-chiselfl 




Swanage, Dorset, well at . . 


.. 167 






Tables of eicavntiiin in wells 


.. 20i 






Waltham Abbey, well at .. 




rainfall 




Walthampttow Mareh, weU at 




ofslrata 


202. 20S 






Tamping .. ., >.. .. 


..50,51 


Warwickshire, thickness of tiiw ■ 




.. 61 




.. ■ 


tcalH 


50-52 




T-ciiisela 


.. G2 


searching for .. .. 


.. ■ 






Water-bearing depoaita, valua of M 








district, division of .. 


.. 34 


sinking through 


"•m 


Testing machine, for tubbing 




Well, Artesian, definition .. 


■■M 


Thames Btreet. Upper, well t 


.. 200 


cauBBS of fidlnre 


■■ <l 




62,65 


boring 


»9 


Timber Bteining 


.. 55 
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FAOB 

^ter, storing 206 

.en day 5 

ing oribs 94, 95 

it of water in wells . . 204 

oume Grove, well at . . 200 

Drayton, wells at . . 200 

Earn, wells at 102 

[ndia Dock, well at . . . . 201 

linster, wells at 201 

»ne, shot holes in . . 50 

chapel, wells at 201 

iden, wellat 201 

ledon, wells at 201 

lor station well 160 

lor, wells at 201 

!rellsat01d 197 

ifield,wellat 189 



PAGB 

Windlass 42, 60, 72 

Winkfield Plain, well at .. .. 201 

Witham, well at 201 

Withdrawing tools 64 

Withdrawing tubes 74-79 

Wolverhfunpton, wells at . . . . 166 
Wooden drum curb .. 41, 42 

rods 89,101,106 

Wood tubbing 95 

Woodley Lodge, well at . . 201 

Woolwich beds 5 

wells at 201 

Worm auger 64 

Wormley, wells at ^01 

Wormwood Scrubbs, well at . . 201 
Wrought-iron tubes 66 
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E. & F. N, SPON'S NEW BOOKS. ' 



Croivn 4to, cloth, 36^. 

^yrology ; or, Fire Chemistry. 

A Science interesting to the General Philosopher, and an Art of infinite 
importance to the Chemist, Mineralogist, Metallui^st, Geologist, Agii- 
culturist, Engineer (Mining, Civil, and Military), &c., &c. By WilliaNI 
Alexander Ross, lately a Major in the Royal Artillery. 



Crown Svo, cloth, Sj, 

Electricity : Its Theory, Sources, and Applica- 
tions. By JoH^f T. Sprague, Member of the Society of Telegraph 
Engineers, With 91 Woodcuts and 30 valuable Tables. 



Crown 410, cloth, i %s. 

The Draughtsman's Handbook of Plan and Map 

Drawing, including Instructions for the preparation of Engineerings 
Architectural, and Mechanical Drawings, with numerous Illustrations 
and Coloured Examples. By G. G. Andre, F.G.S., Member of the 
Society of Engineers, Assoc. Inst. C.E. 

Second Edition, royal Svo, cloth, I2j. 6d. 

A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estitnaling Quantities, ^c. Witb 
a General Description of the several Instruments required for Surveyinig 
Levelling, Plotting, &c. By H, S. Merritt. 41 fine Plates, mth lllus 
trations and Tables. 

With Portrait, Svo, cloth, I2J. 6rf. 

The Autobiography of Sir yohn Rennie, past 

President of the Institution of Civil Engineers, F.R.S., &■(-,, 
Edited by his Son, C. G. C. Rennie. 

Crown Svo, cloth, Jj. 

Arbitrations : a Text Book for Surveyors, in 

tabulated form. By Banister Fletcher, A.R.I.B.A., Author o£ 
' Model Houses,' ' Dilapidations,' ' Compensations,' &c. 



London; E. & F. N. SPON, 4%, C\va.V\Tv^ ^i:<^^^ 
Wew York: 446, Broome ^Xre^X- 



32mo, roan, 4j . 6d. ; or cloth, y> 6d, 

Spans' Architects' and Builders' Pocket^Book o^ 

useful Memoranda and Prices for 1875. By W. YOUNG, Archit 
Author of * Picturesque Architectural Studies,' &c. 



Crown 4to, cloth, 15^. 

Practical Geometry and Engineering Drawing. 

A Course of Descriptive Geometxy, adapted for the requirements of thi 
Engineering Draughtsman, including the Determination of Cast Shadow) 
and Isometric Projection, each chapter being followed by numeroal 
Examples. To the above are added Rules for Shading, Shade-Lining 
&C., together with practical Instructions as to the Lining, Colourinfl 
Printing, and general Treatment of Engineering Drawings. By GeorgI 
S. Clarke, Lieut Royal Engineers, Instructor in Mechanical Drawing 
Royal Indian Engineering Collie, Coopers Hill. 



Third Edition, 8vo, sewed, \s, 6d. 

The Liverpool fVaterworks. 

By Charles M. Beloe, M. Inst C.E., Author of the * Construction 
Catch- Water Reser\^irs.' 1 

-^ r^ , Crown 8vo, cloth, 7s. 6d. 

Dry Rot. 

A Treatise on the Origin, Progress, Prevention, and Cure of Dry Rot in 
Timber, Remarks on the Means of Preserving Wood from Destruction 1 
by Sea- Worms, Beetles, Ants, &c By Thqmas Allen Britton, late 
Sur\'eyor to the Metropolitan Board of Works, &c., &c. 



To be completed in 12 Monthly Parts, 4to, sewed, 5^. each. Parts I. to V. 

now ready. 

Mining Engineering. 

A Practical Treatise on Coal Mining. By G. G. ANDRE, F.G.S., Mininf 
Civil Engineer, Member of the Society of Engineers. With Plates ofj 
Practical Drawings. i 

Foolscap 8vo, cloth, dr. 

Slide Valve. — On Designing Valve Gearing. 

By Edward J. Cowling Welch, Memb. Inst Mechanical Engineer! i 
With Diagrams. I 

' ojidon ; E. & F. N. SPON, 48, Charing Cros& 
New York*. 44S, "BYobxtva ^Vc^^\. 
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TELEGRAPHY. 



Juit puHished, Part VIII,, demy Svo, seweil, with Wood Engmvings, 
Price SJ. 

Jotirnal of the Society of Telegraph 
neers. 



OEIGINAL OOMMOTIOATIONa OS TELEGSATBT ASD 
ELIOTEIOAL SOIEIIOB, 

EDITED BY 

BAJOR FEMK BOITOK 4 G. E, PRIECi. 



E OONTIKUED (JUARTERLV. 



IRON AND STEEL. 



of the Iron & Steel Institute^ 

EDITED RY 

JNO, JOKES, F.G.S,, 4 DAVID FORBES, F,R.S. 



" Ta, Bo. EACH PART. 



FtoTOON ;. E, & ?. "N. ^^Q'f^, B,%,i;Y\NiO»<i CWMS,, 



CATALOGUE. 



.eronautics. 

Practical Aeronautics, hy G. G. M. Hardingham, 

C, & M. E., being a paper read in April, 1871, at a 

Supplemental Meeting of the Students of the Institution 

of Civil Engineers, and to which a Miller Prine was " 

awarded, plains, 8vo, sewed i ^^ 

jicleut Alphabets, ^H 

Handbook of Manuscript, Missal, and Ornamental ^^M 

Alphabets, from the Christian Era to the 17th Century, ^H 
containing 155 Examples, printed in colours, royal 8vo, 

oblong cloth 4 o 

.rches. 

Table for Arches, by Frank Robertson, F.R. Astro. 

Soc,| late first Lieut. Royal Engineers, etc., 8vo, cloth 3 rt 

.rchitects' Handbook. 

A Handbook of Formute, Rules, and Memoranda, 
for Architectural Surveyors and others engaged in 
Building, by J. T. Hurst, C.E., ninth edition, royal 
32mo, roan 5 o 

CONTAINING : 

)rmulEe u«eful in Designing Builders' Mensuration. 

work. Table of ihe Weight of Materials used 

emoranda eonnected with Builders' in Building. 

work. I Coostants of Labour. 

le Practice of Builders' Measurement, 1 Valuation of Property. 

immary of the Practice in Dilapida- Scale of Professional Charges for 

lions. I Architectural Sur»eyois, etc, 

" It 13 no disparagemcnl to the many excellent publications we refer to, lo 

f that in our opinion this little pocket-book of Hurst's is Ike very beat of 

EUi all, without any exception. It would be useless to attempt a recapilula- 

ID of Ibe contents, for it appears to contain almosc evttything that anyone 

;fnected with building could require, and, best of all, made up in a compact 

iin for carrying ip the pocket, nieasiiring only S in. by 3 in., and about } 10. 

'w^, in \ limp cover. We coogratulaLe the oullior on Ike success of liii 

aofioHS and practically compiled Ultle book, which has received unqualified 

■* Mserved praise from everv profcs^ouEj. netwOi W'V'^'w """ \.~%.- ^a,,.™-,. 



Cat&loodi ot Books Fdbltb&iiS bt 



Arbitrations. 

Arbitrations, a Text-book for Surveyors in Tabulated 
form, by Banister Fletcher, Assoc. R.I., B.A., Author 
of ' Model Houses,' etc., crown 8vo, cloth 

Contents : 

What matters may be submitted to arbitration, of the submission, of re 
tion, who may arbilrale, powers of the arbitrators, of joint arbilratw 
ninpires, of evidence, of the award, of costs and charges, advice to pll 
■nd defendants, appendix of forms, 



The Mouldings of the Six Periods of British Archi. 
tecture from the Conquest to the Reformation, by 
Edmund Sharpe, M.A., F.I.B.A. These examples, 
taken full size, by unfaUing methods, from the principal 
Cathedrals, Conventual, and Parish Churches of the' 
Kingdom, have been carefully reduced, chiedy to one- 
third the size of the Originals, and are printed in 
colours. In the selection of the colours attached to 
the different Periods the same sequence has been 
adopted as that in which they occur in the Prismatic 
Spectrum ; so that a given colour not only indicates 
the Period to which the Moulding belongs, but also 
the relative historical position of the Period itself. 
Thus: Black represents Norman, 1066 to 1145; blue 
represents Transitional, 1 14; to 1 190 ; green repiresents 
Lancet, 1190 to 1245 ; yellow represents Geometrical, 
IZ45 to 1315 ; red represents Curvilinear, 1315 to 1360; 
crimson represents Rectilinear, 1360 to 1550. Nos, i, 
2, and 3, each containing 60 j>lales. imperial 4to, 
sewed, each 



" Mr. Sharpe's work may lie described as presenting a large collect 
moaldings in profile, under three heads :^Part 1., Aretied Mouldings ; Pi 
Horiiontal Mouldings; Part III., Vertical Mouldings. It is Ihe I 
purpose of the author, first to render these with perfect accuracy, to 
generally of about one-third full-size ; and, secondly, to arrange t 
order of date, under the six 'Periods' which he has lone made fcn 
us, namely, Nomian, Transitional, Lancet, Geometrical, CurvilineM 
Kcclilinear, — this classification, moreover, bei^ exhibited by distinct! 
tinting, which are intended to emphasize the dilierences of character, ■'" 
they amoant to no more than the use of black, bine, green, yellow, r 
crimson, to indicate respectively the order of the Periods. There tx 
students of mediaeval detail to whom this collection of genuine exunDli 
fully represented must prove of much interest, and, indeed, of fl 
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rchitecture. 

I The Ornamentation of the Transitional Period of 
British Architecture, by Edmund Sharpe, M,A.,F,I,B.A., 
a series of Illustrations of the Carved Work of the 
Transitional Period, taken from the Pier Capitals, 
Doorways, and Arcades of the principal Churches of 
that Period, in the United Kingdom, in Three Num- 
bers. No. i,imperial4to,sewed,42 lithographic plates 
itto. No. 2, Parti. 

rchitecture. 

Four Letters on Colour in Churches, on Walls and in 
Windows, by Edmund Sharpe, M.A., F.I.B.A., second 
edition, 8vo, sewed 

rchitecture. 

The First Exairsion of the Architectural Association, 
an Account of the Lincolnshire Churches visited 
during the first Excursion of the Architectural Asso- 
ciation in August, 1870, under the guidance of Edmund 
Sharpe, Esq., including the Architectural History of 
Lincoln Cathedra], and the following Parish Churches : 
St. Benedict, St. Mary-Ie-Wigford, and St. Peter Gowls, 
Lincoln, Caythorpe, Fulbeck, Leadenham, Welbourn, 
Wellingore, Navenby, Coleby, Harmston, Waddington, 
Canwick, Sleaford, Silk Willoughby, Swarby, Aswarby, 
Threckingham, Billingborough, Horbling, Osbournby, 
Swayton, Helpringham, Heckington, Asgarby, Kirkby- 
Lay-Thorpe, Sutton, Gedney, Fleet, Holbeach, Whap- 
lode, Moulton, Weston, and Spalding ; 63 lithographic 
' plates and woodcuts, super-royal 8vo, cloth 

rchitecture. 

The Architecture of the Cistercians, by EdniundSharpc, 
M,A., F.I.B.A.,^/3/ej, imperial 4to, sewed 

rchitecture. 

The Seven Periods of English Architecture, by Ed- 
■ mund Sharpe, M.A., F.I.B.A., an Elementary Work, 
^.affording at a glance a comprehensive view of the 
fc History of English Architecture from the Heptarchy 
p to the Reformation, second edition, 20 steel engravings 
r and woodcuts, super-royal 8vo, cloth 

rtificial Manure. 

Agriculturists their own Superphosphate makers, t^/V/i 
illustrations, by A. G, Lock, second edition, Svo, sewed 






S Oatalostb op Books Pcblibhed st 

Artificial Stone. 

Report on Beton-Coignet, its Fabrication and Uses in 
the Constniction of Sewers, Water-pipes, Tanks, 
Foundations, Walls, Arches, Buildings, Floors, Ter- 
races, Marine Experimenls, etc., by Leonard F. 
Beckwith, •with folding plates, Svo, cloth 

Artificial Stone. 

Practical Treatise on Coignet-Bcton and other Arti- 
ficial Stone, by Major-Ccnl. Q, A. Gillniore, plates, 
Svo, cloth til 

Astronomy. 

A Manual of Spherical and Practical Astronomy, 
embracing the General Problems of Spherical Astro- 
nomy, the special AppUcations to Nautical Astronomy, 
and the theory and use of fixed and portable Astro- 
nontical Instruments, with an Appendix on the Method 
of Least Squares, by Wm. Chaiivenet, Professor of 
Astronomy, etc., in the University of Washington, SL 
Louis, cuts andplates, 2 vols., royal 8vo, cloth £\ 

Astronomy. 

Elements of Astronomy, designed for Academies, and 
High Schools, by Elias Loomls, LL.D., Professor of 
Natural Philosophy and Astronomy, in Yale College, 

Balance Spring. 

Prize Essay on the Balance Spring, and its Isochronal 
Adjustments (Baroness Burdett Coutts' Pri^e), cuts, 
crown Svo, cloth 

Blow-pipe. 

The Blow-Pipe ; a System of Instruction in its practical 
use, being a graduated course of Analysis for the use 
of Students, and all those engaged in the Examina- 
tion of Metallic Combinations. Second edition, with 
an Appendix and a Copious Index, by George 
W. Plympton, of the Polytechnic Institute, Brooklyn, 
i2rao, cloth 

Book-binding:. 

A Manual of the Art of Book-binding, containing full 
instructions in the different Branches of Forwarding, 
Gilding, and Finishing ; also the Art of Marbling Book 
Edges and Papex, b^ ^aa\c=, B, Nicholson, numerous 
illustrations^ ctowti S\q, c\o'Cft 



L^ 
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. Researches on the Action of the Blast- Furnace, hy 
\ Charles Schinz, translated from the German by W. H. 
[ Maw, and MoriU Miiller,//fl/«, crown Svo, cioth 



e Process of Combustion. 

ea of Contact. 

ioeace of Uie Temperature upon 

■isture in the Air. 

nraCion of Temperature by the 

Pressure of the Blast, 

jvation of Temperature by a. Pteli- 

ninnry Heating of the Fuel. 

antity and intensity of the Heat. 

tumes of the Materials with which 

he Biast-Fumace is charged. 

ecific Heats of the Materials with 

«hich Blast-Fumaces are charged. 

tent Heat. 

e Heat of Combination. 

emical Decompositions ailected by 

High Temperatures. 

sistance of the Column of Fusion. 

uismiasion of the Heat through the 

Walls of the Furnace. 

at-candnctiug Powers of different 

Materials. 

(Sorption of Heat by the Charges. 

ans of Diminishing the Transmis- 

lion of Heat. 

e Reductoraeter. 

□ ReducUon. 



ses of the BUat-Fumace. 
ilume of the Zone of Gasihcation. 
IculatioD of the Temperatures in the 
Zone of GasLEcation. 
Jcnlation of the Volumes of the 
Zones of Fasion, Reduction, and 
PreparatiSn. 

inl^ry Means for Calculating the 
Traosmission of the Walk of the 
Blait-Fomsce. 

me occupied by the Charges in pass- 
ing through the Shal^ of the Blast- 
Furnace. 



Quantity of Iron contained in the 

Carburization of the Iron. 

Form of the Illasl-Furnace. 

Analysis of the Gases in the Blast- 
On. the Use of limestone as a Flux. 

Coke and Charcoal. 

The Proportion of Ashes in the Coke. 

Quantity of Air introduced into the 
Blast- Furnace. 

Cost of the Blast. 

On Ihe Saving of Fuel eifected by in- 
creasing the Pressure of the Blast. 

Calculation of the Resistance of the 
Column of Fusion. 

Conclusions derived from the preced- 
ing Chapters- 
Process for partly Eliminating Ihe 
Nitrogen in the Products of Com- 
huslion. 

The Production of Carbonic Oxide. 

Utilization of the Gases of the Blast- 
Furnace. 

Application of the Partial Ehmmatiou 
of the Nitrogen. 

Description of a Blast-Fumace fitted 
with the necessary apparatus for 
the partial Elimination of the Ni- 

The Transmission of Heat tlirough 
the Walls of the Furnace. , 

The Reductibility of various Ores, 
and Influence of the Quantity and 
Quality of die Gases upon the Re- 
duction. 

The Calculation, h priori, of the Ef- 
fects of Ditlcrent Methods of Work- 



i Methods of 



aFum 

The Influence i 

Working upon Transmission, Con- 
sumption of Fuel, and Production, 
demonstrated by Means of a frii/ri 

I. CaltxilMiotv. 



Brass Founding. 

The Praclical Brass and Iron Founder's Guide, a Con- 
cise Treatise on Ihc Art of Brass Founding', Moulding, 
etc., with numeroua Practical Rules, Tables, and 
Keceipls for Gold, Silver, Tin, and Copper Eouoding, 
Plumbers, Bronze and Bell Founders, Jewellers, etc., 
by James LArkin, new edition, crown 8vo, cloth 

Brick-making. 

Chemical and Geological Observations relating to 
Brick-making in Western India, by M. Walsh, Svo, 
sewed 

Bridge Piers. 

Iron Cylinder Bridge Piers, with Formulie and Remarks 
on Foundations : being a Paper (with additions) read 
at a supplemental mcctang of the Students of the Insti- 
tution of Civil Engineers, and to which the Council 
awarded a Miller Prize, by John Newman, A.I.C.E., 
Svo, sewed 

Bridges. 

Long-Span Railway Bridges, comprising Investigations 
of the Comparative Theoretical and Practical Advan- 
tages of the various adopted or proposed Type Systems 
of Construction, with numerous Formulae and Tables 
giving the weight of Iron or Steel required in Bridges 
from 300 feet to the limiting Spans ; to which are 
added similar Investigations and Tables relating to 
Short- Span Railway Bridges, second and revised 
edition, by B. Baker, Assoc. Insl. CM.,piatei, crown 
Svo, cloth 

Bridges. 

American Iron Bridges, by Zcrah Colburn, plates. 



Bridges. 

Estimates and Diagrams of Railway Bridges for Turn- 
pike, Public and Occupation Roads, in the Embank- 
ments of Double or Single Lines, and Cuttings of 
Double Lines, with Foim for Calculating Quantities in 
Skew Structures, etc, also Culverts of various dimen- 
sions, and at Station Buildings, by J. W. Grover, 
M.I.C.E., second edition, enlarged, ivitk 37 coiOMTti- 
plates, folio, cloth 
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IpLses. 

f Iron and Timber Railway Superstructures and General 
^F' Works; giving Dimensions and Quantities for the Stan- 
■ dard4ft. 8|iii. gauge and the Metre 3 ft, 3iin, gauge, 
r with some Earthwork Tables and Outlines of a Speci- 
fication and Requirements, by J. W. Grover, M. Inst. 
C.E„ folio, cloth £2 

idges. 

A Practical Treatise on Cast and Wrought Iron Bridges 
and Girders, as applied to Railway Structures and to 
Buildings generally, with niunerous examples drawn to 
a large scale, selected from the Public Works of the 



and Member of the Institution of Mechanical Engineers, 
imp. 4to, half-bound in morocco £2 

idges. 

Long and Short Span Railway Bridges, by John A. 
Rocbiing, C.K.,^iaies, folio, cloth ^5 



4 



The Strains upon Bridge Girders and Roof Trusses, 
including the Warren, Lattice, Trellis, Bowstring, and 
other Forms of Girders, the Curved Roof, and Simple 
and Compound Trusses, by Thos. Cargill, C.E.B.A.T., 
CD., Assoc. Inst. C.E., Member of the Society of 
Engineers, wi/A 64, illuslratiQns, drawn and worked 
out to scale, 8vo, cloth 12 

idges. 

Construction of the Great Victoria Bridge, in Canada, 
p by James Hodges, Engineer to Messrs. Peto, Brassey, 
L-and Betts, Contractors, vol. i,imp. 4to, illustraUd-wil/l 
H17 coloured plates, and numerous wood engravings ; 
B- vol. 2, royal foho, containing zS double and 19 single 
mj plates, together 1 vols., half-bound in morocco ^4 14 

idges. 

Systems of Military Bridges, in use in the United 
States Army, those adopted by the Great European 
Powers, and such as are employed in British India, 
with directions for the preservation, destruction, and 
re-establishmetit of Bridges, by Gen. G. W. Cullum, 
plates, 8vo, cioth 28 

idges. 

MiUtary Bridges, with suggestions of new expedients 
and constructions for crossing streams and chasms, 
including also designs for Trestle and Truss Bridges 
for Military Railways, by Herman Haupt, A.M., C.E., 
V 6-) plates, 8vo, cloth 30 
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Miboa^' Trices. 
Maitili; Masons' Prices, 
Terra-colti Pricei. 

Carpenters" Pricet. 
Joinere' Prices. 
Sleam-mBde Joiner)' Pric< 
Iranmongers' Prices. 
SUlers' Memorftoila, 



Slaters' Prices, 

Tilers' Prices, 

Plasterers' Prices. 

Plumbers' Prices. 

Smiths' and Founders' Prices. 

Zinc - workers* and Bt 

Painters' and Paper-hangers' Fii 
Glariers' Prices, 



Bridges. 

Economics of Construction in relation to Framed 
Structures. Contents : Classification of Framed Struc- 
tures or Trusses, Diagrams of Forces, with numerous 
examples, by Robert H. Bow, C.E., F.R.S.E., illifs- 
iraUd by 333 diagrams of Soofi and Bridges and 16 
plates, 8vo, doth 

Bridges. 

An Elementary and Practical Treatise on Bridge 
Building, an enlarged and improved edition of the 
author's original work, by S. Whipple, C.E., Albany, 
New York, Inventor of the Whipple Bridges, etc., etc., 
TK/M wood engravings, 8vo, cloth 

British Wines. 

The whole art of making British Wines, Cordials, and 
Liqueurs in the greatest perfection, also Strong and 
Cordial Waters ; to which is added a collection of 
Valuable Receipts tbr Brewing Fine and Strong Welsh 
Ales, etc., by James Robinson, fcap. 8vo, cloth 

Builders' Tables. 

Builders' and Contractors' Tables, for the use of 
Engineers, Architects, Surveyors, Builders, Contractors, 
Land Agents, etc., by Henry Laxton, C.E., containing 
S3 Tables, 4to, cloth 

Cements. 

Practical Treatise on Limes, Hydraulic Cements, and 
Mortars, containing results of numerous eiiperinients, 
etc., by Major Q. A. Gillmore, cuts, royal 8vo, cloth 

Channel Railway (The). 
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' Cabinet Making. 


1 The Cabinet Maker ; being a Collection of the most ' 


P approved designs in the Medijeval, Louis-Seize, and 


rs 1 Old English styles, for the use of Cabinet Makers, 


fcl Carvers, etc., by R. Charles, 96//a;w,folio, half-bound 21 { 


^^B CoNTEf TS : 


^^tkle Plate 


"^ I. I/mis-Selw Coaaole Tablo, with 


40. Window Cornices. 


3- plate frame. 


41 to 47. Dinine Room Chaire. 


1. A ditto Chimney Glnss. 


48. Chair Legs (various). 


J. An Oval ditto ditto 


49. Judge's Chair. 


4- Louis-Seize Window Cornice and 


50. Dming Room Glass Frame. 


DrapericB. 


SI. Window Poles. 


;. Dining Room ditto ditto 


52 to S6. Window Cornices. 


6. Ovolo Cabinet. 


57- Lounging Chairs. 


^. Ditto ditto, open-ended. 


58. Ornamental Panel. 


8, g. Sideboards, 
lo. Hat-stnnds. 


^' 1 Ceiling Decoration (Dome). 


it. / Interior Decoration (0. W. 


6r. Sideboard (Mediaeval). , 


li. \ Davis). 


62. Expanding Dining Tables. 


13. Pier Table. 


63. Dining Room Chairs (Medisival), 


14, 15. Window Cornices. 


64. Ditto ditto and Sofa. , 


16, Sideboard. 


65. Ditto ditto. 


17. Wardrobe. 

18. Ditto 

19. Bedstead. 


66. Glass Frame ditto ditto 


67to72.WiDdowComices(Mcdiieva1)l 
73. Sideboard (Mediaeval). ' 


20. Ditto 


74. Dinner Waggon (MediEevall. 


21. Dressing Table, 


75- Ovolo-ended Side Table. 


2Z. Washsland Pedestal and Towel- 




horses. 


77- Cabinet Bookcase (Mediasvall. 


Internal Decoration, "Black 


78. Cabinet (ditto) 


;f Horse," Rathbone Place (0. 


79. Writing Tables (ditto) 


^■f- W. Davis). 


80. Dressing Table (ditto) 


25. Sideboard (by E, Lorimer). 


81. Washstand (ditto) 


26. Dinner Waggon. 


8z. Bedstead (ditto 


l^. Dinner Table Legs (various). 


83. Window Cornices (ditto • 


28. Dining Room Chairs. 

29. Arm Chairs (Tudor). 


84. Ditto ditto (ditto 


85. Sideboard (ditto 


30. Dining Room Chair and Sofa. 


86. Ditto (ditto 


31. Ditto ditto Chimney Glass. 


87, Writing Table and DaTcnimrt, 


31. Window Cornices. 


(Medieval). 


3 J. Ditto ditto 88. Chairs (various) (MediKva!). ■ 


34. Ditto ditto Sg. Sideboard (Medisval). ■ 


35./ "Black Horse," Rathbone 90, 91, 92, Bedsteads (ciilto) ■ 
36. \ Place. 93. Cornices (ditto) ■ 


37. Old English Sideboard. 94. Neo. Gree. Sideboard. ■ 


38. Wall Decoration. QS, 96. Ditto ditto ■ 


39. Window Cornices. M 



A 16 OATAUon ow Books FuBuaHsi) st ' 

Chimneys. _: 

A Practical Treatise on Chimneys; with a few 
remarks on Stoves, the Consumption of Smoke and 
Coal ventilation, etc., by C. F. Eckstein, post Svo, doHi 1 

Chimney Pieces. 

Designs for Chimney Pieces, by George Gordon 
Hosking, Fellow of the Royal Institute of British 
Architects, dedicated (by permission) to Alfred 
Waterhouse, Esq., F.R.I. B. A., in one vol. royal folio, , 
%ii fine Utkographic filates, toned paper, interleaved, J 
handsomely bound in cloth gilt, antique style, gilt edges ^ 
Tlie want of a Book of Designs for Chimney Pieces of a new and ihflW 
practical character has long been felL In the present Work will be foiiiill 
variety, each design being at.'companied by details, drawn to a sodeill 
quarter the full size. 

Civil Engineering. 

An Elementary Course of Civil Engineering, by D, H. 

Mahan, M. A., new edition, revised and edited, with ad^- 

tions, by De Volson Wood, numerous cuts, Svo, cloth | 

Contents ; 

Building Materials, Strength of Materials, Masonry, Framing Bi 

Roads, Railways, Canals, Sea- Coast Imprnvements, etc. 

Civli Engineering. 

Engineering Notes, by Frank Robertson, F.R. Astroa. 
Soc, late first LieuL R.E., and Civil Engineer Public 
Works Department in India, 8vo, cloth 
The object of this work is to supply an exhaustive digest of all that is 1 
on each subject, so far as is necessary and sufficient for an Engineer in Pr 

Clockwork. 

The New and Complete Clock and Watchmaker's 
Manual, comprising descriptions of the various Gear- 
ing Escapements, and Compensations now in use in 
French, Swiss, and English Clocks and Watches, 
with an Appendix, containing a History of Clock and 
Watchmakmg in America, by M, L. Booth, mnnerous 
engravings, post Svo, cloth 

Coach Painting, 

A Complete Guide for Coach Painters, translated 
from the French of M. Arlot, Coach Painter, by A. A. 
Fesquel, Chemist and Engineer, to which is added 
an Appendix containing information respecting the 
materials and the practice of Coach and Car Painting 
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f The Coffee Planter of Ceylon, by William Sabonadiiire, 
, with an Appendix containing various extracts and 
letters from other authority, bearing on the same 
I subject, second edition, enlarged and revised, illiis- 
vtraUd by plates and wood engravings, crown 8vo, 
I cloth 

Contents : 



7 6 



Wctoty Remarks. 
UonofLand, Soil, Elevation, &c, 
Ing, Clearing, and Lopping. 

ng, Holing, and Flouting. 

ds and Diiins. 

jding. 

ping. Pruning, and Handling. 

ludng, TreniJiing, &c. 



ine. Curing, and Despatching Crop, R. B. Tytler 



Cofiee- Pruning, by W. L. 

Mr. Moir on Estate Expenditure. 

Mr. GeOT^e Wall's Letter on Manuring, 

Lnborie's Description of a Pulper. 

Letters on Pulpera, by " An OH File," 

Coffee Statistics. 

Flsnlers' Association, Report on 

Manuring. 
Baron Liebig On " Sombreortun." 



" Sombreonun." 



A. Crewetl's Letter to Planters' Asso- 

Cattle Disease, and its Treatment 
Robert Simpson's Price List, and 

Analysis of Manures. 
Districts and Number of CoRec Estates 

in Ceylon. 
Revenue and Expenditure of Ceylon 

from 1S40 to 1869. 
Shipments of Ceylon CofTee from 

184910 1869. 



es, Pulping House, and Barbecues. 
Is and Machinery. 

Enemies of the Coffee-tree. 

Malabar Coolj. 

cription of the Coffee-tree, by 

ract from Laborie's RemBrks on 

runing. 

■aper on Pruning, by a Member of 

le Planters' Association. 1 

This is an admirable handbook for coifee cultivation In the island where it 
been carried out most largely and profitably. The author has had twenty 

s' experience on the subject, and therefore his advice and instructions as to 
ctiOD and clearing of land, nurseries, planting, manures, buildings, and bar- 
ing and preparation of the berry may be fcdiowed with advantage. The 
us and illustrations are interesting and useful. Tlic c^itimales given for 
ay and profits, expense and character of buildings, are of most rebable and 
:tical diaracter. Having ourselves published on the subject, and as one 
oughly acquainted with coffee planting, we can heartily recommend Mr. 
Doadiire's book to all intending coHee planters." — Journal of A/ipHid 

ffee and Chicory. 

Coffee and Chicory ; the Culture, Chemical Coni- 
position, Preparation for Market, and Consumption, 
with simple tests for detecting adulteration, and prac- 
tical hints for the Producer and Consumer, by P. 
L. Simmonds, F.S.S., author of 'The Commercial 
Products of the Vegetable Kingdom,' ' Dictionary of 
Products,' etc., etc., illustrated by 
engravings, post 8vo, cloth 
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I 
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CiTALOOtta ov Books I'uBUBmiD s4 
t Compensations. 

Compensations, a Text-book for Surveyors, in tabulated 
form, by Banister Fletcher, crown 8vo, cloth 

Contents : 

; varieties of damage for which claims may ari^ — various clasiet 

' |in)]>crt]r — points to be olisetved in Surveys — notices to treat— natBtc 

I (lamage for which claims can and cannot be sustained — what property cm 

cmnpulsorily taken — when entry on properly can and cannot be comr-*-^ 

made — of goodwill and slocli — and of the various legal mcOiods of se 

of disputed claims — together with full and explicit instructions on the __, 

of valuing, and of making claims ; with comments on cases arising mtdec I 
Metropolis Local Management, and Melropolilan Buildings Acts ; the *h 
pven in a piactical and eomprchensive form, supplemented by a eopk 
Appendix, containing many useful forms and precedents, and also Tables 
the Valuation of Freeholds, Leaseholds, Reversions, and Life -Interests, deril 
. from the best-approved and most recent sources, and iilustrated by eiampl 



P 
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Concrete. 

A Practical Treatise on Concrete, and How to Make 

It. With Obscnations on the Uses of Cements, 

Limes, and Mortars, by Henry Reid, C,E., plates, 

post 8v5, cloth 4 

The preparation of Concrete is treated fully by Mr. Reid, who devotes i 

tinct chapters to Lime Concretes, Coocretes with compound Matrices, Ron 

Cement Concretes, and Concretes made with Portland Cements. Those ch 

ters arc followed by two respectively treating of Machinery for mixing Condt 

and Mortars, and remarks on Building by Frames. 

" Mr. Reid's book is an extremely useful one, and we recommend it W L, 
attention of all — and they are a large class — interested in ihc use of Conciwe 

Enginarl 

Cottages and Villas. 

Picturesque Architectural Studies and Practic.iI 
Designs for Gate Lodges, Cottages, Cottage Hospitals, 
Villas, Vicarages, Country Residences, Schools, 
Village Churches, etc., by W. Young, of Exeter Hall, 
London, Architect, 50 plains, 410, elegantly bound in 
cloth £\ 5 

This work contains sketches of executed examples of pictaresqtie bBildiii|,tr 



and suggestive designs, treated in a picturesque style; and ineliides plauv 
elevations, and perspective views. 

The aim of the Work is to show the Artiblic in building united lu pncli 

planning and insliuction, more by careful study of proportion and distribut _ 

Lffparls, than by undue elaboralion of detail; in fact, to get the most picturea|K 

and artistic eifecl in the s\m\>\e5^. aniVsja. o-'^wKive manner. 

The Plates are (acsimWes oS l.\ve asiftun' * o^u fliiKwioii^aRKuns^Nokd hy Mil* 

Jetterpress desaription ' " ""' 



Doruish Fumping Engine. 

Illustrations of the Cornish, and Bouhon and Walt 
Engines, erected at the East London Waterworks, 
Old Eord, 8 large folio plates, engraved by Gladwin, 

8 from elaborate drawings made expressly by Mr. Wick- 
V stead, together with explanation of the plates, 4ti:i, 
I cloth 12 o 

List of Plates, Cornish Engine : 
Side elevation of Engine, Pump, ] Engiae-hause and Engine, ivilli 

and stand pipe, with longiludinid ! Pump and stand pipe, etc. 

section of the Engine-honse. 4.^ — Front elevation of Uie face of tlie 

Boilers, a crosi-secdou of the four 
Boilers and the warming tube, 
ihowingthe side and bottom flues, 
llie bridge fire-bars, and flnea tu 
bottom Unes, showing the end and 
main flues in cross-section, etc. 

BouLToM AND Watt Engines : 

. — General elevadon of Ihe Engine, I Boilei's, showing Ihe grates and 

main pump, ait-vessel, etc., widi seating of one Boiler and section, 

longitudinal section of the Engine- and section of another Ihrouph the 

house and well, elevation of the ' intemnlflue, plan of Engine-house 

cyhnder, air-pump, and condenser, 1 and Engine. 

with transverse section of the En- ' 4. — Longitudinal section of the Boiler- 

giiie-house,through the cold water house and one Boiler, transverse 

cisterns. section of the Boiler-house, with 

;. — LongitudinalsectionoftheEngine- transverse section of one Boiler, 

bouse and Engine, mnin pump air- and l^ont elevation of the face of 

vessel, to a large scale. the other, with Stanley's fire- 

,.^Plan of the Boiler-houje and two feeder. 

:!ast Iron. 

A Paper on certain Methods of treating Cast Iron in 

tlic Foundry, by Zcrah Colbum, Svo, sewed 1 o 

Jottages and Villas. 

A Scries of Designs prepared for execution in ilic 
United States, by C. Vaux, ArcHitect, 370 engravings, 
8vo, cloth 13 5 

!ottages. 

The Anicncali Cottage BliildtT ; a Series ol Designs, 
Plans, and Specifications, for Homes fat ttve Peo^jW, 

kwilh Warming, Ventilation, etc., Vif ^ciVt^ "tixWiiiO*., 
ii/us/raUd iji 75 engravings, to^A. Svo, c\uxV ^"i ' 
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Dual Arithmetic. 

The Young Dual Arithmetician, or Dual Arithmetic ; 
a New Art, designed for Elementary Instruction and 
the use of Schools ; to which are added, Tables of 
ascending and descending Dual Logarithms, Dual 
Numbers, and correepouding Natural Numbers, bj- 
OUver Byrne, formerly Professor of Mathematics, 
College for Civil Engineers, Author of ' Dual Arith- 
metic, a New Art ;' 'The Art and Science of Dual 
Arithmetic,' second edition, revised and corrected, 
i3mo, cloth 

Draining. 

Draining for Profit and Draining for Health, by George 
E. Waring, jun., wi/h numerous cuts, post 8vo, cloth 

Dry Hot. 

A Treatise on the Origin, Progress, Prevention, and 
Cure of Dry Rot in Timber ; with Remarks on the 
Means of Preserving Wood from Destruction by Sca- 
Worms, Beetles, Ants, etc, by Thomas Allen Britton, 
late Surveyor to the Metropolitan Board of Work?, 
etc., QiQ ., pfnUs^ crown Bvo, cloth 

.Earthwork Tables. 

Tables for Computing the Contents of Earthwork in 
the Cuttings and Embankments of Railways, by W. 
Macgregor, royal 8vo, cloth o i^ 

t is a difficult matter to compute the amount of earthwork removed fiwi(., 
L cuttings and piled up into embankments for railnaj-s ; owing to the une^tiuiti 
LflT the surface of the ground, it is, in fact, impossible to obtain absolute seeunLe 
P .and all that can be done is to calculate as close to trtilh as practicable. K 
E this purpose Mr. Mat^egor has compiled these tables, which will give ll 
t approximate quantity, sometimes more and sometimes less. The taUet a 
larranged for cuttings of 30 ft base, with slopes varying from J to I, to aj ta 
■jmd for bases of 15 ft. to 36 ft. with slopes of l^ to I or z to I. " — £»^ 

Earthwork Tables. 

A General Sheet Table for facilitating the Calculation 

of Earthworks, by F. Bashforth, M.A. o 

Earthwork Tables. 

k Tables for fecilitating the Calculating of Earthwork in 
the Cuttings and Embankments of Railways, Canals, 
etc., second edition, corrected and considerablv en- 
larged, by Sir John MacNeil, 3vo, doth 11 
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.ctionary of Engineering. 




Military, and Naval, with technical terms in French, 






German, Italian, and Spanish, 3100 pp., and nearly 




8000 engravings, in super-royal 8vo, in S divisions 




cloth, lyi.fid. each 




Complete in 3 vols., cloth ^5 


5 


Bound in a superior manner, half-morocco, top edge gilt. 




3 vols. £fo I 


2 


Containing Complete Treatises on 




^cultural Instruments, inclnding 


Hydraulics and Hydraulic Maclii 


es 


iteam Ploughing and Steam 


Ice-making Machine. 




E'loughing Apparattis. 


Iron Manufacture. 






Iron-ship BuikUng. 




loys (MelallicJ employed in the 


Trrigation. 




Useful Arts. 


Lifts. Hoisla, and Elevafoi-s. 




lemometers. Lights, Buovs, and Beacons, 




jn Machinery. 


Locks and Lock Gates. 




Itery. 






lis (Large), How to construct to 


Machine Took 






Marine Engine 




Its and Belting, 


Materials of Ccnstrudion 




ilers, the Principles and Practice of 


Mechanical Movem<.nls 




Boiler Construction. 


Metallurgy 

Mills and Mill-work. 








ring and Blasllug. 


Ores. 




ring and Sinking Artesian Wells. 


Paper Machinery 




ftite (Railway). 


Permanent Way 




ick-making. 


Piles and Pile driving 




idges— Timber, Stone, iind Iron. 


Pin -making Michine 




iblea. 


Pipes. 




wleis and Refrigerators. 


Pumps and Pumping, 


^^^1 


Reservoirs. 


^^^1 


kEton Machinery. 


Retaining Walls. 




inuning. 


Rivers. 




staila of Engines. 


Roads. 




jcks and Haibovira. 


Roofs. 






Rope-making. 






ScaffoMing. 




igines. Varieties of 


Screw Engines. 


^H 


re-arms 




ax Machinery. 


Stationary Engines. 




irginEr Machinery for. 


SUve and Cask Machinety. 




lUDiiing and Casliiig. 


Steel 

Sugar Machinery. 

Telegraph, 

Waterworks. 




IS, Manufacture of. 




and Tools. 




BUlage of Coal, 1 Wood-working Machinery. 

1 


i 
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Electric Telegra-pli' 

Electrical Tables and Formulae for lie Use of Tele- 
graph Inspectors and Operators, compiled by Latimer 
Clark ana Robert Sabine, Jfith wood engravings, 
crou-n 8vo, clolh 

Bmljaiikiii g . 

Tables for setting out Half-Widtlis on Railways, Roads; ■ 
Canals, and other Public Works, to be applied in 
Field Work, and without any previous Calculations, 
by ], S, Olver, Civil Engineer, i2mo, cloth 

XSmbanking. 

The Mississippi and Ohio Rivers, containing Plans 
for the protection of the Delta from inundation, and 
investigation of the practicability and cost of improv- 
ing the Navigation of the Ohio and other Rivers by 
means of Reservoirs, with an Appendix on the Bars 
at the mouth of the Mississippi, by Chas. Ellet, C.E., 
plates, 8vo, clolh 

Embanking:. 

Principles and Practice of Embanking Lands from 
River Floods, as applied to the " Levees " of the Mis- 
sissippi, by Wm. Hewson, C.E., cuts, 8vo, cloth 
Engineer and Machinist's Pocket-Book. 

Containing Mensuration of Surfaces and Solids, 
Strength of Materials, Water Wheels, Hydraulics, 
Pneumatics, etc.. Steam and the Steam Engine, Com- 
bustion, Water, Fuel, Tables of the Weight of Metals, 
Pipes, etc., by Charles H. Haswell, i2mo, roan tuck. 

Engineers' Focket-Book. 

The Civil Engineers' Pockei-Book, by J. C. Trautwine, 
i2mo, mor. tuck 
Engineerinf? Brawing. 

General Problems of Shades and Shadows, formed 
both by Parallel and by Radial Rays, and shown both 
in Common and isometrical Projection, together with 
the Theory of Shading, by S. Edward Warren, CE., 
folding plates, Svo, cloth 

Synopsis of Contbnts. 

Construction of shades and shadows, shades and shadows on mled snriiice 

and on single curved surfaces in genera!, shades and shadows aa double cunt. 

surfaces, general problem in review of shades and shadows determined ijj 

parallel rays, how determined by diverging rays, and in isoraelrical projcclior 

rte finished execution ot shaitsiTii wa6s«i^, »aiiTe5^«sentatior " "" 

i of light and shade, eU, 
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Projection, ^^H 

Science ^^^H 

tended for ^^^H 

Builders, ^^M 

the use ^^M 

iand steel, ^^^H 

ivil Eagi- ^^^^| 

ving Class ^^^^| 

nd at the ^^^ 
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Ineering Drawing^. 

An Elementary Treatise on Orthographic Projectic , 
being a new method of Tea.ching the Science of 
Mechanical and Engineering Drawing, intended for 
the instruction of Engineers, Architects, Builders, 
Smiths, Masons, and Bricklayers, and for the use of 
Schools, ivilh ttutneroits iltiistraCions oh ivoodand steel, 
by William Binns, Associate Institute Civil Engi- 
neers, late Master of the Mechanical Drawing Cla; 
Bt the Department of Science and Art, and at th 
School of Mines, formerly Professor of Applied 
Mechanics, at the College for Civil Engineers, etc., 
seventh edition, 8vo, cloth 
Mr. Biniis' system of Mechanical Drawing is in successful 
operalion. in all the Art Schools of the United Kingdom. 

Lgineering Drawing. 

(Lithographs of Machine Construction and Drawing 
and Building Construction, comprising Plans, Eleva- 
tions, and Sections of all those details of construction 
specified in the Syllabus of the Science Directory, 
subjects 2 and 3, drawn to a large scale, showing 
clearly how work is put together in order to assist 
students to pass the Government Examinations, by 
W. Biisbridge, price each sheet 

igineering Drawing. 

The Second Course of Orthographic Projection ; being 
a continuation of the New Method of Teaching the 
Science of Mechanical and Engineering Drawing ; 

(with some Practical Remarks on the Teeth of Wheels, 
flie Projection of Shadows, Principles of Shading, and 
the Practice of Making to Scale Drawings from Actual 
Machinery. Intended for the Instruction of Engineers, 
Architects, Builders, Smiths, Masons, and Bricklayers, 
and for the use of Science Schools and Classes, -with 
numerous illustrations, by William Binns, Consulting 
Engineer, Associate I.C.E., late Master of the Mecha- 
nical Drawing Class at the Department of Science and 
Art, and at the Royal School of Mines ; formerly Pro- 
fessor of Applied Mechanics at the College for Civil 
Engineers, etc., 8vo, cloth 10 6 

' Mr. Binns' Treatise is one which we tan decidedly recommend to engineer- 
students, and ii, moreover, one which will be of service to many n 



need engineers. In conclusion, also, it is only fE,ir to the publishers that 
should stale that the book — which is illustrated by twenty-four lithographic 
lea, and nearly seventy wood engravings — is got up in a Tcrif crc^iblilft 
e." — Eiipneeriiig. "^^^ 
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EnBrineering Drawing. 

Portfolio of Engineering Engravings, or a Drawing 
Book of Engineering and Mechanics, being a s^'ies 
of practical examples in Civil, Hydraulic, and Mecha- 
nical Engineering, 50 plates, with explanatory details 
and sectional pans, etc., 4to, cloth 

Engineers' Common-Place Book. 

The Engineers' Coninion-PIacc Book of Practical 
Reference, consisting of Rules and Tables familiarly 
adapted to Factory and Marine Steam Engines, to 
which are added, extensive tables of circumferences, 
squares, cubes, areas of circles, superficies, and solidi- 
ties of spheres, etc., for facilitating fractional calcula- 
tion, etc., by William Templeton, acv'enth edition, ^/a&j, 
i-roo, doih 

Engineers' Companion. 

The Office and Cabin Companion for Engineers and 
Officers of Steam Vessels, consisting of observations, 
rules, and tables to facilitate such Calculations as 
Naval Officers and Engineers are called upon to make, 
by J. Simond Holland, second edition, i2mo, cloth 
Contents : 

The worlt and speed of Steam Engines, and Steam Ships, l]>e « 
between the power and speed of steam vessels, on finding the true mean 
of a steam vessel from a number of runs over the measored knot, kof 
mile tables, theoretical horse-power, to find [he centre of preSEiure in a 1 
float, tlie slip and the resistance, hypert>oiic logarithms, funnels, tat 
finding the surfaces of tubes, table of logarithmic factors for fioding tin 
stant logarithms of engines, with two equal cylinders, table of areas o( 
circles, useful for very small orifices, and fine wires, table giving (he ai 
Sljaare feet from lengths and breadths in feet and inches, table of sopei 
wrought iron, cast iron, and steel-screw propeller, l''rench horse-f 
boilers, useful numbers and facts, etc. ' 

Engineers' Hanual. 

The Engineers' Manual of the Local Marine Board 
Examinations, for certificates of competency as second 
and first class Engineers, "wifh upwards of 100 illus- 
trated diagrams, by Thomas L. Ainaley, tenth edition, 
8vo, cloth, with supplement 

Engineers' Focket-Book. 

The Pocket-Book of Pocket-Books, being Molcsworth 
and Hurst's Pocket-Books, printed on thin paper and 
bound together in one volume, royal 33mo, nissia, gik 



Useful -Information for Railway Men, compiled for the 
Ramapo Wheel and Foundry Co., U.S., by W. G. 
Hamilton, Engineer, fourth edition, revised and en- 
larged, royal 321110, ro.in 



igineera' Pocket-Book. 

A Pocket-Book of Useful Formulie and Memoranda 
for Civil and Mechanical Engineers, by Guilford L, 
Molesworth, Member of the Institute of Civil Engi- 
neers, Consulting Engineer to the Government of 
India for State Railways, seventeenth edition, revised, 
with considerable additions by the author, containing 
one hundred and fifty additional pages, royal 32mo, 

, Ditto, Interleaved with ruled Paper for Office use 

LSynoi'Sis ok Content?. 
, Levelling, elc. 
m£;th and Weight of Materials, 
rthwork, Brickwork, Masonry, 

^.rches, etc. I Wind and Windmills. 

Ut5, Columns, Beams, and Trusses. ' Steam Nav 



wring, Roofing, and Roof Tra; 
■ders, Bridges, etc. 
ilways and Roods, 
draulic KormulEe. 






, Water 



>rk5, Docks. 



Tonnage, etc. 
Gunnery, Projectiles, etc. 
Weights, Measures, and Money. 
Trigonometry, Conic Sections, and 



n and Breakw 
s. Ventilation, and Warming, 
at, Light, and Colour, 
ivicj-— Centres, Forces, and Powers, 
llwork, Teeth of Wheels, Shafting, 



Tables of Areas and Circumference, 

and Arcs of Circles. 
L(^;arithmE, Square and Cube Rnals, 



"Moat of our readers are already acquainted with Molesworlh's pocket- 
sk, and not a few, we imagine, are indebted to it for valuable informftlion, 
for refreshers of the memory. The hook has been re-arranged, the sup- 
mental fonnolEe and tables added since the Rrst issue, having now been 
lorporated with die body of the hook in.4heir proper positions, the whole 
iking over fonr hundred pages of a bandy size for the pocket. Eveiy care 
i been taken to ensure correctness, both, clerically and typographically, 
i the book is an indispensable vadc-PiieHHi for the mechanic and the pro- 
doul man." — Eiigliik Mrchaiiit, 



BngiiLeers' Pocket-Book. 

The Mechanic's, Machinist's, and Engineer's Practical 
Book of Reference, containing Tables, Formulse, etc.. 
Strength and Weight of Materials, Mechanics, Ma- 
chinery, Hydraulics, Hydrodynamics, Marine Engines, 
together with the Engineer's Field Book, by C. Hazlctt 
and C. W. Hackley, i2iao, roan tuck 

Engineers' Frice>Book. 

Applchys' Illustrated Handbook of Machinery and 
Iron Work, with the Cost, the Working Expenses, 
ind the Results obtained in the use of Steam and 
Hand Cranes, Pumps, Fixed and Portable Steani 
Engines, and various other Machines ; with Weight, 
Measurement, etc., etc. ; also Prices of Tools, Iron 
Works, Stores, and Materials required by Civil and 
Mechanical Engineers, Merchants, and others ; 
together with numerous Tables and Memoranda, 
by Appleby Bros., Engineers, manj' hundred "wood 
engraving!, 8vo, cloth 
" We have here a handsomely published volume of some 450 p»g 
COnlaJQS between three and four hundred wood engravings, and the p ' 
least two thousand machines and miscellaneous articles. The first . 
devoted to drawings and prices of steani cranes, travellers, winches, and 
hoisting machinery; the second to engines, boilers, turbines, and dredge) 
third (o steam and hand pumps, hydrantic machinery, motors, and fitlinj 
fourth (a contractors' plant ; the fiflh to machine tools, and the sixt 
cipally to agricultural implements, . 

"Added is a small collection of lablfs, memoranda, and infonnEil 
engineers. But as a price-book of general machinery Applebys' handt 
more complele than any which has yet come under our notice." — -Kn^x 

Equations. 

General Method of Solving Equations of all Degrees ; 
applied particularly to Equations of the second, 
third, fourth, and fifth degrees, by Oliver Byrne, 8vo, 
sewed 

Engineering Papers. 

Engineering Papers, containing Mortar, Practical 
Ironwork, and Retaining Walls, by C, Graliam Smith, 
Stud. Inst. C.E., 8vo, cloth 

Field Book. 

For Railroad Engineers, containing Formula for 
laying out Curves, determining Frog Angles, LeveUiog, 
calculating Earthwork, etc., etc., together with Tables 
of Radii, Ordinates, Reflections, Long Chorda, 
Magnetic Variations, e:tc., etc., by j, B. Henck, Q-E., 
i;mo, nioiocco uvcVi 
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.eera' Tables. 

Spons' Tables and Memoranda for Engineers, selected 
and arranged by J. T. Hurst, C.E., Author of 'Archi- 
tectural Surveyors' Handbook," ' Hurst's Tredgold's 
Carpentry,' etc., 54nio, roan, gilt edges, second edition 
clotli case 

Contents ; 
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'his work is printed ii 



o small, measuring only 2^ in . 
' 'n the wdstcoat pocket, 
r to be called upon 



WrouEht It 
Pl.L'MB=X5' MKMOBAND/ 

a pearl type, and is ! 
., by i in. thick, that it may be easily carried 
■ It IS certainly an extremely rare thing for a rev 

lotice a volume measuring but 2^ in. by l^ in,, yet these dimensions faith- 
y represent the size of the handy little book before us. The volume — which 
tains iiS printed pages besides a few blank pages for memoranda — is, in 
, a true pocket-book, adapted for being carried in the waistcoat pocket, 
. containing a far greater amount and variety of information than most 
pie would imagine could be compressed into so small a space. .... The 
e volume has been compiled with considerable care and judgment, and we 
cordially recommend it to our readers as a useful little pocket companion." 
EHginaring. 
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The Gas Fitter's Guide, showing the Principles and 
Practice of Lighting with Coal Gas, by J. Eldridge, 
aecand edition, citls, post 8vo, scAved 



I 



3>) CAJMumcm ov Books PnumED bt 



French-English Dictionary. 

yicT-^n Z.'ictMiiaaire portatif Anglais-Fran^ais et 
Fn::r3:s-A-g^:iTS. contenant outre nn tres-giand 
z^ccibre de ziocs qui :ie sc troixvent pas dans ks 
jutres DictzoQiiaires. nn Appmdire contenant nn 
r jTcciirLiire Ar^Liis-iFmiijais et Franqais-Anglais des 
7r_=.c:pi:zL terzies techniqncs ay ant rapport aux 
r^ciecce et :l=x Arts, a Ll Chimie. a la Physique, a 
r.\.=vr::!ioc:ie. i li Marine, k F Art Militaire, kla M^- 
zic -e. .t~T iljc2iizes LococzodveSy Chemins dc Fcr, 
Boreazi a Vapeir. asi Metiers, etc.- par Percy Sadler, 
- ^Tis. iz. :. pc*t *TT3. sewed 6s. : half-bonnd calf 7 6 'j, 

Frmiffh Measures, 

Fresco. >Iea«ures azd F.ngSsh Equi^-alents, by John 
5r>:k. rcr the zae ot Engineers, Manufacturers of 
Ir::c. irr:izgz.r5ziea. etc iSino. roan I 

•• -2. i ssries rt' cmracr nbjss ±ic Fjylah rallies of the French measures 
JL.^ .irTU^i =~:ci ,aai? tv: i tltcosind mfllzmetres. and from one to a hmidred | 
■^«scrss : :ie ^rKt^rcs rt jn inch, jrogressaig in sixteenths are also reduced to 

"T^e Utile b:ck win be found useful to almost every cngi- I 



Frendi-PoliKhiTi g, | 

Ize Frecc2i-F c li=her'a MansaL by a French-Polisher, 
c^^criinzi- Thnber Snining. Washing, Matching^ 
• Izizrcvlz^. Fiinrzg. Iziitidons, Directions for 

^cx:^>r:^. SirLzr. Ejzibodyiiig, . Smoothing, Spirit 
Vimshiz^. Frfzc* - P jlishizg^. Directions for Re- 
rc>.<i.izc. rcv-,\l :.rrio, sewed o 



Aruilysis. Techzical \'aIzation, Purification and Use 
V c CcvC Gis^ ry the Rev. \V. R. Bowditch, M.A., wM 

v\itvx*te*i::v:.: ct Oja — F'-^riivTar. :n of Gas — ^Light — Measuring — Place of 
Vx>ct''l^ vVjBj.— T^>c vTjailes — The Stansizrd for Measuring Gas-light — Test 
l^:t^.*t> r«i:r-^ Ojs vc S^Th;ir — Testing Gas for Ammonia — Condensation 
""\ ^vruL»c — v^-jL-^tirxcrLy: =j«h\>i cfukin^ Specific GraWty of Gas — Carburet- 
v^a^ v>* Nji:*>.:>ilu:ui^ Gis — Ac«CTiece — Explosions of Gas — Gnaift-ing of Gas* 
V- : v^ ^>f KA^*— l>«K5>ur^ is rained ::? Public Lighting, etc 

*'WN'V tV Ojl> v^^ij^r.cii is cli:T.ir.g the attention of the inhabitants of 
I y>t^;\H\ jk'v» ^Vvir.x o: :>.^ '-AT^ rnr^incii: towns, Mr. Bowditch's hook must 
* '> V XV uv\N \: ' V>: c >* >cZ;r su> e-Jt c : the prediction, purification, and use of Gas, 
'V ••'vM'AN? ^»\ A '.v.vc:'^ ^\::c:. >->;t at the sJinie time in a clear and concise man* 
1%^ V'Jix Vv'^'v^jT''"; ^* . t:~'-' ir. its pi^es a careful examination by a man 
\ '^\>v»wv «'v j^'vvfci v'vr<niuce ct' all the inethods which liave been introduced 
»\M »\H^»o\v*^ iSv" ivrt :l.ur.i:n;:::r5; and oceasive principles from Coal Gas. The 
y\,»* vu i^^v rHv^i\»i\vUT in a'I hs Varieties is described, etc, with an important 
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Oas. 

How to Manage Gas, by F. Wilkins, C.E., second 

edition, i2mo, sewed 
Gas Works. 

Insinictions for the Management of Gas Works, by 

W. C. Holmes, Engineer, Svo, cloth 
Geology. 

Manual of Geology, treating of the Principles of thu 

Science, with special reference to American Geological 

History, by Jaa. D, Dana, illitsirated by over lioo 

Jigures, and a cluirt of the Worlds Svo, cloth 

Geometry. 

Practical Geometry and Engineering Drawing ; a 
Course of Descriptive Geometry adapted to the Re- 

Siircmentsof the Engineering Draughtsman, including 
e determination of cast shadows and Isometric I 

Projection, each chapter being followed by numerous j 

examples, to which are added rules for shading Shade- 
lining, etc., together with practical instructions as to ' 
the Lining, Colouring, Printing, and general treatment 
of Engineering Drawings, with a chapter on drawing 
Instruments, fay George S. Clarke, Lieut. R.E., In- 
structor in Mechanical Drawing, Royal Indian Engi- 
neering College, Coopers Hill, zoplates, 4I0., cloth 15 

Gtuiner's Pocket-Book. 

Bridges' Gunner's Pocket-Book, compiled by Captain 

T. W. Bridges, H.P. Royal Artillery, crown 32mo, 

roan, is. ; or morocco I 

" Now-a-days nearly every profession has ils special 'pockel.boolt,' and why 

not the artillerist 1 So thought Capl. Bridges : hence this little book, which 

originated ia a few tablets he was in the habit of carrying iu his pouch, ani 

which, amended and enlarged, he has now published in a waistcoat- pocket 

form, consisting of more than sixty pages of useful information to the gunner, 

whether volunteer or regular. Here we find rules for finding (he distance of 

hostile batteries, and tables giving the range of guns for various degrees of 

elevation ; the drills for the different service guns, and various other items, 

from the rations for horses to the trjim pet-call for the soldier's mess." — JSngliih. 

MecAaiiK. 

k Gunnery. 

^ Tables of Remaining Velocity, Time of Flight, and 

E Energy of various Projectiles, calculated from the 

f results of experiments made with the Bashforth Crono- 

graph, 1865-1870, Svo, sewed 2 6 

Hat-Making. 

A Treatise on Hat-Making and Felting, uicludiiig a 
full Exposition of the Singular Properties of Fur, 
Wool, and Hair, by John Thomson (a practical Hatter), 
i-H/s, Svo, cloth " 3 6 



Handrailiiig. 

Handrailing cut square to the Plank, without a FaUi^' I 
Mould, as discovered and taught at the Mechanics' 
Institution, Liverpool, by John Jones, Staircase Builder, 
(oiitaiHing seven plates, with full inslntction^f 
'working- tkem, fol. boards 

Heat. 

Heat as a source of Power, with apphcations of gen3 _ 
principles to the construction of Sleam Generators, by 
W. P. Trowbridge, 8vo, cloth 

Hints to Yoimg: Engineers. 

By J. Wilson. A.I.C.E., Principal of the Cr>stal Palace 
School of Engineering, i2mo, sewed 

Hot-Water Apparatus. 

The Engineers' Practical Guide for fixing Hot-Water 
Apparatus, and Wamiing Greenhouses and Buildings, 
by John Eldridge, Hot-Water Engineer, iilustriUed 
'with plans and secliens, second edition, crown Svo, 
sewed 

Hot-Houses. 

A Practical Treatise on the Construction, Heating, and 
Ventilating of Hot-Houses, including Conservatories, 
Green-Houses, Graperies, and other kinds of Horticul- 
tural Structures, with practical directions for their Ma- 
nagement in regard to Light, Heat, and Air, by Robt. 
B. Leuchars, numerous illustrations, crown 8vo, cloth 



Hydraulics of Q-reat HiTers. 

Observations and Surveys on the Largest Rivers of the 
World, hy J. J. R^vy, Civil Engineer, one volume, . 
imp. 4to, cloth, with eight large plates and charts ' 

CONTENTS: 
CHAPTER I. 
General Ohsbrvations : the Parani, the Uruguay, end'C 
Estuary. Ordinary mode of Proceeding ; Fall of Rivere ; Floatsforuj 
single and double ; Formulce of great MaChemalidans ; CocfSdents ta 
erring FormnliCi Accurale Section of Great Rivers readily obtained jj 
Observations difficult ; Floats deserve no confidence^ The g ""' " 
Surveys, 
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CHAPTER II. 
, Mode op Survev adopted: Detailed descripiion. St^dou of River: 
posario Section ; Instruments. Currents : Special Apparatus ; Current 
Meter ; Improvements ; Difficulties of great Depth ; Design of New Appa- 
ratus ; Current Integrator ; Correct Observations practicable to any Depth ; 
Accuracy. 

CHAPTER III, 
The La Plata. 
Estuary : Dimensions, Width, DM>th, Channels ; Changes ; Deposit ; Forma- 
tion of Banks, Islands, Channels, Tida : Wave of the South Atlantic ; Violent 
Disturbances ; Diagrams ; Contention between Great Rivers and Tidal Wave. 
Current Oiiervatiani : Current Curve; Currents at various Depths. Afeau 
Current ; Integrator ; Results ; Check Trials ; Summary of Mean ; Cause of 
variety of Cnrrenls. Inclination : Estuary ; Tidal Wave ; from Flood to Ebb ; 
during Low Water; Interference of Rivets. 

CHAPTER IV. 
The Parana de las Palmas. 
Tub River: Cluirts, Delta, Navigation, Embouchure. Diary of Obser^a- 
tiens : Currents ; Mean, Surface, Bottom ; Night and Day Observations ; 
Kise and Fall at Section ; Results of Currents ; Soundings ; Tables, Anafysis 
of Tidet ; Diagrams of Systems of Waves ; True Outline of Tidal Wave } 
dimensions. Anafysii a/ Jnclinatiait : Measure of Power of Wave ; Effectiva 
and Imaginary Inclination ; Effect of Tributaries ; Artificial Channels. 
j4>ialysit of Currenlt : Current Curve; Velocity at Surface and three feet 
below ; Maximum Cmrent ; Mean Current ; Corresponding Surface and 
Bottom Currents ; Current Curve across Section. 

CHAPTER V. 

The Parana. 
The RiVEB : Expedition up River; Navigation ; Channel of Guazu-branch ) 
Scenery; X,aguna of San Pedro; Rosario ; Pnnla Corda ; the Delta com- 
mences here ; Formation of the Plains of South America ; D'Orbigny's and 
Darwin's Opinion ; Pampas Deposit ; Formation of Toscas ; Ancient Coral 
Keefs ; Parani ; lA Paz ; Ksquina ; Alexandra Colony ; Corrienles ; Source 
and Drainage Area of River. Tie Rosario Section ; Currents. Anafysii of 
Obiervations : Section of River ; its Outline reproduced by Outline of Surface 
Currents in 13I seconds' time ; Surface Currents of Uruguay reproduce cor- 
responding Depths in 5} seconds ; the Law governing Surface Currents ; 
Effective Inclination. Analysis of Depth and Surface Cnrrenls. Analysis of 
InciiHalien : Inclination of Parani and of Palmas ; Gradients of a river ; 
Channel of Farani at Section on a slight bend determined by Centres. 
Analysis of Section: Channel Depth, Sectional Areas; Currents; Surface 
Movement ot River; Flood Volume; Exceptional Rises, 

CHAPTER VI. 

Thb Uruguay. 
From River to River: the Pavon Channel ; the Ibicuy River ; Dimen- 
sions; Currents. The Sii-er: the Lalte its Estuary; Delta; Turbidity of 
Parani and Uruguay waters ; Port of Salto ; Navigation ; the Falls ; Extra- 
ordinary Fluctuations of River; Periodical Rises; Floods; Lou- Water; 
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■^ jn." :. :^ .." > ■ r ja _ti2r- ar.: is .^jTritinrriin. : Z^escrijtMtt; Details; 
c :i?cr-=mt x J"jrBL ILsts*.. inf.^'m.tnr if Carrcnis; Trials to |; 
m nr ii.>ir " in^ z X. ..; i r t Ttgrrnmc ijii iiiiii ; Ezsiipjes ; Geondriol 
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.i^cmoens: afrnj z Sckction 
m j: ::: juLhiiii , Kicacs^ cc dae fiov of 

:SLsr^.:r >*:::iu:3s icil iii r ju^ Siiciargsd Orifices 
arc r:' ^' C^ Tiiies. :inaat si IjwsL V JryachTisetts, 
jr ~,i::n^ 5. F"r3r*:;Sk ^^ Za^nmasr. seccod edition, 
-rr^-^s?^ ;iat ^n-sr^z. v:e± msrrr New Expenmcnts. 



"rcscr-;rw-.r« r." ::iji T'lfersscil Z:ir-JzsTe Pumping 

^r^-a 5^-^ 3ov^^ I 6 



'^^:'*c-.K >-.:.- Miic^ 1 Siinis zt 5v:£e5 s:xi Tables 
t^i- rK- ;:*c ^^ r-nr:ac?er>. ir:;. icr- rr Thomas Box. 
cVrr:: ^ATJcwr* tiLnir-^^i^ » ..iz^r^ rest ivr^ cloth 5 '^ 

' ■ Svv i,ri? >\m:.;ijt .*» -K r^eccs- Ct ire Ksi^u « Jets with different 

i;X*«-vV5i> o •:. -C-..V .':iir»i»r«:^ izjil Ct:±!e I>l=cJiLr^ of Jets with different 

>>•.'^^ Ct ±e DgsfhiTge of Water over 

W N^ ^^ '^^^xsv ,'ihiLr^>jCR:^ -utri ^T^* tie Dbduir^ of Orerflow Pipes 

X »t v xv^"N. xTvx i-vSjT i:.5jKa3: frc lazis. etc For open Channels, 

Vi^^ y"v >•::^^^ vcxKsiciT^. >:i^ Ciziiss and Rivers. For the Dis- 

^ \\sV yv .V ;Vv«tCv^ i^ft^air^ rSr-gg of ditto. 

^\h N'SI^?^ vn NN *^^ xxT^Tsv sicw-^sj: Of the Strsgth of Water Pipes. 

N^^WMNv^ >x x>e* K'* ^; cc 9o\ For Etc. etc. etc 
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lulics. 

^redgold's Tracts on Hydraulics, containing Smeaton's 
irimental Papers on the power of Water and 

i to turn. Mills, etc., Ventari's Experiments on 

the Motion of Fluids, and Dr. Young's Suniniary of 
Practical Hydraulics, ^/d/w, royal 8vo, boards 6 O 

^■draulic Engineering. 

prize Essay on the Encroachment of the Sea between 
the River Mersey and the Bristol Channel, being an 
Essay which obtained the Priiie of the National 
EistedTodd, held at Chester, 1B66; by J. E. Thomas, 
3vo, sewed I O 

irdraulio Presses. 

Experiments on the Friction of the Leather Collars 
in Hydraulic Presses ; conducted by John Hick, C.E., 
piaU, 8vo, sewed I o 

Srdraulic Tables. 

Office Hydraulic Tables, for the use of Engineers 
L engaged in Waterworks, giving the Discharge and 
H Dimensions of Rivers, Channels, and Pipes, by J. 
H Seville, on a large folio sheet t o 

.umination. 

Handbook of Alphabets, in three parts. Part i, Illu- 
minated initial letters from the 6th to the l8th cen- 
tury, containing 363 examples. Part 2, Manuscript, 
missal, and ornamental alphabets, from the Christian 
era to the 17th century, comprising 155 examples. 
Part 3, plain and ornamental alphabets, with 36 
examples, the whole printed in gold and coieurs, in 
one vol., royal 8vo, oblong, bound in cloth 13 c 

dicator. 

The Indicator Diagram Practically Considered, by 
N. P. Burgh, Engineer, numerotts illuslrtilions, fourth 
edition, crown 8vo, cloth ' 6 6 

This volume possesses one feature which renders it almost unique j tliis 
ire is the mode in which it is illustrated. It is notdiffici''t to lahc a diagram 
he instrument is once set, aud the setting with stationary engiucs is occa- 
lally easy enough, but circumstances continually nrise under which the 
,ng engineer is completel/ b[ a. loss as to how to obtain a. diagram. All 
ertaintywill be removed by referring lothe book under consideration ; here 
luivc drawings of the arrangements to be adopted under every conceivable 
umstoncS, drawings, we may arM, iihistrating the pmctice of the best engl- 
rs of the day." — Engineer. 
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Gataloqus of Books Pcblibhkd by 



Indian Englneermg. 

Roads, Railways, and Canals for India, with practical 
suggestions, by T. Login, Esq., C.E., F.R.S.E., Exec. 
Engineer, 7lh Division Grand Trunk Canal, formerly 
Superintendent Northern Division, Ganges Canal, 
njyal 8\'o, sewed 

Indian Engineering. 

India and Indian Engineering, three Lectures delivered 
at the Royal Engineer Institute, Chatham, in July, 
1873, by Julius George Medley, Lieut-Col. R.E., Assoc. 
InSt. C.E., Fellow of the Calcutta University, Principal 
Thoraason Civil Engineering College, Roorkee, crown 
8vo, cloth 

' Inventors and Inventions. 

Inventors and Inventions, in 3 parts, ist, The philo- 
sophy of Invention considered strictly in relation to 
ingenious contrivances tending to facilitate scientific 
operations, to extend manufacturing skill, or to origi- 
nate new sources of industry, and. The rights and 
wrongs of Inventors, particularly as affected by the 
influence of patent monopoly, legally and politically 
examined. 3rd, Early Inventors' Inventories of Secret 
Inventions employed from the thirteenth to the se\'en- 
teenth century in substitution of Letters Patent, by 
Henry Uircks, C.E., F.C.S,, etc., ivith portrait of the 
author, crown 3vo, cloth 

Iron. 

Iron as a material of Construction, forming a Hand- 
book for the use of Students in Engineering, by 
William Pole, C.E., F.R.S., fK/J, post 8vo, cloth 
Contents 1 
rroductlon of Pig Iron and Malleable Iron, o; 

r Inin generally, Cost Iro ' ■"-■"- 

y Iran, etc 

Iron Construction. 

Works in Iron, Bridge and Roof Structures, by Ewing 
Matheson, numerous ingravingSy royal 8vo, cloth 
Contents ; 
Bridges, Piers, Screw Piles, Cylinders and Cuissona, Coffer-diuns, AbulmcaWJ 
and Wing.walls, Bridge Platforms, Tran.sporl and Erection of Bridges, Laiidiilr 
Piers and Jellies, Roofs nnd Buildings, Omnmental Iron Work, Paintii^ "l^ 
Gilding Iron Worli, Technical Terms in EngUsh, French, Genaao, Italian, U 
Spanish. 
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{Contents 1 ^H 

Froductlon of Pig Iron and Malleable Iron, on the Mechanical Properlia^H 
Inin goitfAlly, Cast Iron, its .Strength, Elasticity, etc, DifTerenl QtMlMct.^H 
Iran, etc ^| 

Iron Construction. 
Works in Iron, Bridge and Roof Structures, by Ewing 
Matheson, numerous ingravingSy royal 8vo, cloth ij ° , 

meutJ 

1 
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f. Iron Iilanufactiire. 

A Treatise on Roll Turning for the Manufacture of 
Iron, by Peter Tunner, translated and adapted by John 
B. Pearse, z vols,, text in 8vo, //(//«, folio, cloth ^3 5 

Iron SfEanufacture. 

A New Guide to the Sheet Iron and Boiler Plate 
Roller, containing a Series of Tables showing the 
weight of Slabs and Piles to produce Boiler Plates, and 
K of die weight of Piles and the sizes of Bars to produce 

^L Sheet Iron; the thickness of the Bar Gauge in deci- 

^M mals ; the weight per foot and the thickness on the 

^^ Bar or Wire Gauge of the fractional parts of an inch ; 

^^ the weight per sheet, and the thickness on the Wire 

^^B Gauge of Sheet Iron of various dimensions to weigh 

^^H 112 lbs. per bundle; and the conversion of Short 

^^P Weight into Long Weight, and of Long Weight into 

^H^ Short, Estimated and collected by G. H. Perkins and 

J. G. StowCj oblong 8vo, boards 5 

Iron Manufacture. 

A Practical Guide for Puddling Iron and Steel, by 

Ed. Urbin, Engineer, to which is added a Comparison 

of tic Resisting Properties of Iron and Steel, by A, 

Briill, Bvo, cloth 3 

Synopsis of Contents. 

Theory of the Puddling process. Physical Characteristiis of Slags. Mear 

for changing the Chemical compositions of Slags. Influence of Fuel on th 



Iron. 

A Paper on the relation between the safe load and the 
ultimate strength of iron, by Zerah Colburn, i2nio, 

Iron Ships. 

The Fouling and Corrosion of Iron Ships ; their causes 
and means of prevention, with the mode of application 
to the existing Ironclads, by Charles F. T. Young, 
C.E., Assoc. I.N. A., w/CA illusiraiiom, 8vo, cloth 

Jonathan Hulls. 

A description and draught of a new-invented Machine 
for carrying Vessels or Ships out of or into Harbour, 
Port, or River, against Wind and Tide, or in a Calm, 
by Jonathan Hufls, 1737, reprint in facsi'miU, iimo, 
half-roan 
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Catalogue oir Books Pubi 




Idgrhthouses. 

Report of a Tour of lospectioa of European Lighthoi 
Esiablifihmenis made in 1873, by Major G. H. Ellioi, 
numerous illiistratioiis, 8vo; half ir 

^Iiead Pipe. 

A collection of Reports and Opinions of Chemists in 
regard to the Use of Lead Pipe for Service Pipe in 
the Distribution of Water for the Supply of Cities, by 
J. P. Kirkivood, 8vo, cloth 

[ liight. 

Lectures on Polarized Light, together with a Lecture 
on the Microscope, by the late Jonathan Pereira, M.D., 
F.R.S., etc., edited by the Rev. B. Powell, M.A., etc., ^ 

numerous woodcuts, 12x00, cV}^ 2 t 

^ Xocomotive. 

Catechism of the Locomotive, by W. N. Forney, 
Mechanical Engineer, ofj/A ttiiles, ig plates, and 2T] 
ivood engravings, crown 8vo, cloth 9 

Link-Motion. 

Link-Motion and Expansion-Gear practically con- 
sidered? by N. P, Burgh, Engineer, illustrated with 
90 jilates and 229 wood engravings, small 4(0, 
handsomely half-bound in morocco £1 2 

Contents ; 
The History of the Invention of ihe Link-Molion ; Principles of the wtioE 
Sleam-working Valves ; History of the practical application of Valve -Gearing 
Gennietrical principles of the action of Eccentrics and Link-Motions, occordin 
to their relative positions, as applied for Valve-Gears of Ste — " — '--^ 
Action of Steam-working Valves i Action of the Steam ; Applict 
Gearing (ori^nal) ; Adjustable Eccentrics ; Action of the Luik -Motion; Aclic 
of the Slide Valve ; Action of the Eccentrics ; Angles of Eccentrics ((o set) 
Cuns, shape of; Cut-off explained ; Expansion explained; Exhaustion a 
plained; Eccentric Rods (length of); Geometry of the Link-Motionand Valve 



E practical description and illustration of the Link-Motion » 

Expansion- Gear. Mr. Burgh therefore put himself in communication with t 

principal Mechanical Engineering Firms of England and Scotland, lor the pt 

pose of making this the Standard Book of Reference on the above sutijecls. 

Tlie following Firms have contributed Drawings and Articles, 

■ Me^rs. PENN I Messrs. EAVENHILL Mcwra. DOUGLAS 
K ,, MAUDSLAY „ MAPIER „ JEFFERY 

■ WATT „ SPENCER „ WOOD 

■ „ RENNIE „ DUDGEON „ HURDLEY 
^K „ HUMPHREYS ,. HAKVEY „ SHELUERDli 
^■^ „ HA\YrHORN 



iHt-Motion. 

Application of the Slide Valve and Link-Motion to 
Stationary, Portable, Locomotive, and Marine Engines, 
with new and simple methods for proportioning the 
parts, by William S. Auchincloss, Civil and Mecha- 
nical Engineer. This Work is designed as a hand- 
book for Mechanical Engineers, Master Mechanics, 
Draughtsmen, and Students of Steam Engineering. 
All dimensions of the valve are found with the greatest 
ease by means of a printed scale, and proportions of 
the link determined without the assistance of a model, 
illustraied by 37 woodcuts and 21 lithographic plates, 
together with a copper-plati engraving of the Travel 
Scale, 8vo, clofh 

q-uid Fuel. 

On Liquid Fuel, by Bcnjar 
sewed 



1 H. Paul, Ph.D., 8vo, 



ichine Construction and Dra'nring^. 

Elements of Machine Construction and Drawing, or 
Machine Drawing, with some elements of descriptive 
and 'rational cinematics, a text-book for schools of 
Civii and Mechanical Engineering, and for the use of 
mechanical establishments, artisans, and inventors, 
containing the principles of Gearing Screw-propellers, 
Valve-motions, and Governors, and -many standard and 
novel examples, mostly from present American prac- 
tice, by S. Edward Warren, C.E., Professor in the 
Renss^er Polytechnic Institute, etc., two vols., text 
in Svo,plates. sm. 410, cloth 

3,chinery. 

The Modem Practice of American Machinists and 
Engineers, including the Construction, Application, 
and Use of Drills, Lathe Tools, Cutters for Boring 
Cylinders, and hollow-work generally, with the most 
Economical Speed for the same, with Boilers, Gears, 
Belting, etc., by Egbert P. Watson, 86 ■woodcuts, post 
8vo, cloth 

arble-'Workingr. 

The Marble- Worker's Manual, designed for the use of 
Marble-Workers, Builders, etc., containing practical 
information respecting Marbles in general, the Cutting, 
Working, and Polishing, Veneering, Painting upon and 
Colouring of Marble, Mosaics, Composition, and use of 
Artificial Marble, Stuccos, Cements, Receipts, Secrets, 
etc., by M. L. Booth, i2mo, cloth 



^etc, b 

L 



,^j 



Pjfaritie Engine. 

The Principles that govern the future development of 
the Marine Boiler Engine, and Screw-Propeller, read 
before the Society of Arts, by N, P. Burgh, Engineer, 
^itkfour piaUs, royal 8vo, sewed 

' Kathematlcs. 

FormuliE, Rules, and Examples for Candidates for the 
Military, Naval, and Civil Service Examinations, also 
for Mathematical Students and Engineers, by T. 
Baker, C.E., i2mo, cloth 

Uechanical Engineering. 

The Mechanician and Constructor for Engineers, 
comprising Forging, Planing, Lining, Slotting, Shap- 
ing, Turning, Screw Cutting, etc., by Cameron Knight, 
ilTnstratid by 96 4to plates, containing 1 147 iliiistra. 
tioNS, and 397 pages of UCterpress, 4to, cloth £fl. 

Or, half-bouad French morocco 3 

The Mechuiicinn is essentially a 1>ook of processes, including all 
by which the principal portions of engines are forged, planed, lined, turned, 1 
otherwise treated. The aulhor endeavours 10 perform two things — to txpli 
to uninitiated students how engines are really made, together with the fend 
nental principles involved in making them, and also to produce a book wUi 
shall be useful to practical mechanics for reference in the difficult deliili 
their business. 

Of the six chapters constituting the work, the first is devoted to fo^;ine; 
which the fundamental principles to be observed in making forced aitldet 
every class are Etated, giving the proper relative positions for the cmulitul 
fibres of each article, the mode of selecting proper quantities of material, tMl 
hammer operations, shaping-moulda, and tbe manipulations resorted to 1 
shaping the component niasses lo the intended forms. , 

Engineers' tools and their construction are next treated, because Ibey vk 
be used during all operations described in the remaining chapters, (heaslb 
thinking that the student should first acquire knowledge of tlie appaiatui whi 
he is supposed to be using in the course of the processes given in Chaplen. 
5, and 6. In the fourth chapter, planing and lining are treated, because the 
are the elements of machine -making in general. The processes described : 
this chapter are those on which all accuracy of fitting and finishing dqwdl \ 
The next chapter, which treats of shaping and sloLiing, the author cndcatooi*! 
to render comprehensive by giving the hand-shaping processes in addition H ' 
the machine-shaping. 

In many cases hand-shaping Is indispensable, such as sudden t 
operations abroad, and on board ship, also for constructors having 1 

number of machines. Turning and screw-culling otcupy the last ^ 

In this, the operations for lining, centering, turning, and screw-forming 
detailed and their principles elucidated. 

The Mechanician is the result of the author's experience in engii 

during twenty years ; and he has concluded that however retentive the mi 
of a machinist might be, it would be convenient for him to have a book 
primary principles and processes to which he could refer witii confidefit^ 
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schanical Movements. 

The Mechanical Inventor's Guide, comprising familiar 
treatises on the Laws of Motion, the Mechanical 
Powers, and Drums and Belts, and Toothed Wheels, 
and a collection of nearly 300 Mechanical Movements, 
forming a practical introduction to the principles and 
components of Machinery, illustrated by 10 plnles, 
containing 280 Diagrams, by Jas. Wylson, C.E., ismo, 
cloth 




QchanicB. 

A Pocket-Book of Mechanics and Engineering, con- 
taining a Memorandum of Facts and Connection of 
Practice and Theory, by J. \V. Nystrom, C.E,, nth 
edition, revised and greatly enlarged, plates, lamo, 
roan tuck 
Bchanics. 

The Essential Elements of Practical Mechanics, based 
^^^ the principle of work, designed for Engineering 
^^Students, by Oliver Byrne, formerly Professor of 
^Rjdathematics, College for Civil Engineers, second 
[' edition, illustrated by numerous -wood engravings, 
post 8vo, cloth 

Contents : 
;hap. 1. How work is measured by a unit, both wllh and without reference 
\ unit of time. Chap. Z. The work of living agents, the influence of friction, 
L introduces one of the most l>eautirul laws of motion. Chap. 3. The 
iciplea expounded in the first and second chapters are applied to the 
lion of bodies. Chap. 4. The IranEmissiou of work by simple mschines. 
ap 5. Useful propositions and rules. 

echancis of fluids. 

Mechanics of Fluids for Practical Men, comprising 
Hydrostatics, descriptive and constructive, the whole 
illustrated by numerous examples and appropriale 
diagrams, by Alex. Jamieson, LL.D., 8vo, cloth 6 o 

echauic's Tool-Book. 

Mechanic's Tool-Book (The), with practical rules and 
suggestions for use of Machinists, Iron Workers, and 
others, by W. B. Harrison, larao, cloth 10 6 

etallurgy. 

A Treatise on Metallurgy, comprising Mining in 
General, and particularly Mining Operations, with a 
description of charcoal, coke, and anthracite furnaces, 
blast machines, hot blast, forge, hammers, roUing 
I mills, etc., by Frederick Overman, Mining Engineer, 
I 307 ^ood engravings, royal 8vo, cloth 
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MechanicB. 

The Principles. of Mechanics and Iheir Application - 
Prime Movera, Naval Architecture, Iron Bndges. Water 
Supply, etc., by W. J. Millar, C.E., Secretary to the 
Institution of Engineers and Shipbuilders, Scotland, 
crown Bvo, cloth 

SletalluTgy. 

A Practical Guide for the manufacture of Metallic 
Alloys, comprising their chemical and physical pro- 
perties, with their preparation, composition, and uses. 
Translated from the French of A. Guettier, Engineer 
and Director of Foundries, etc., by A. A. Fesquet, 
Chemist and Engineer, post Bvo, cloth 

Keteorology. 

A Treatise on Meteorology, with a collection of Metecir- 
ological Tables, by Elias Loomis, LL.D., Professor of 
Natural Philosophy and Astronomy in Yale CoU^^ 
cuts, Svo, sheep 

Meteorology. 

The Recurring Monthly Periods and Periodic System 
of the Atmospheric Actions, with evidences of the 
transfer of heal and electricity, and general observa- 
tions on Meteorology, by W. H. B. Webster, Svo, 
cloth 

Meteorolo|:ical Instruments. 

ATteatiseon Meteorological Instruments, explanatory 
of their Scientliic Principles, Method of Construction, 
and PracticalUtility, by Negrecti and Zambra, wffwer- 
cus illustrations, Svo, cloth 
Sletric Weights and SEeaBures. 

Scales for the Ready Comparison of British and 
Metric Weights and Measures, by A. L, Newdigatc, 
M.A, in neat cloth case 

Metric Welgrhts and Measures. 

The Mecnc System of Weights and Measures, an 
address delivered before the convocation of the Univer- 
sity of the State of New York, at Albany, August lat, 
1871, by F. A. P. Barnard, President of Columbia Col- 
lege, New York City, second edition, Svo, cloth 
Mllford Haven. 

A Paper on Milford Haven and its New Pier Works, 
by Henry Davy, Member of the Society of Engineers, 
Svo, sewed 

L Military Terms. 
A Handy Dictionary of Military Terms, by Major W. 
W. Knollys, F.R..G,S., g-iti ?,^*LwUi\d Highlanders, 
Garrison Instructor, HoTne TJUVvt^., c'y;,, \^mKj,i5ia;^ 
!_1 



ill Q-earing^. 

A Practical Treatise on Mill Gearing, Wheels, Shafts, 
Riggers, etc., for the use of Engineers, by Thomas Box, 
post 8vo, cloth, with 8 plates 5 o 

'Those of our readers who are possessed of Mr. Box's 'Practical Hydraulics ' 
. 'Treatise on Heat' (and no Engineer should be without these bandy 
noes) will gladly note the pubUcation of the work before us. Mr. Box's 
ks are what they profess to be, practical treatises clearly written and free 
1 abstruse raathematical formula ; while they are, besides, got up in good 
;, and are of a convenient size for reference. The third of the seiies (at 
t we hope there is to be a. series), bearing the title at the headof the 
;ent notice, is in no way inferior to those which have preceded it. It con- 
5, within the space of some eighty odd 8vo pages, five chapters, treating 
ectively of the standard unit of power of wheels, of risers, ajid of keys for 
els and riggers ; the work being concluded by an appendii. 
In the chapter on wheels, Mr. Boi: gives rules for laying out and calculating 
strengtli of teeth, as well as for proportioning the wheels throughout, these 
s being accompanied by numerous tables, which materially aid the calcula- 
. Similarly the chapter on shafts comprises rales for computing the trans- 
ing power of shafts under different conditions, together with descriptions of 
Qos methods of coupling, useful notes on plumming, bearings, etc, and a 
ion devoted to the consideratioD of crank-work for driving pumps and other 
k. The chapter on risers or pulleys gives a clear explanation of the action 
•ells, accompanied by some useful tables, and also roles for the proportions 
iggers of various kinds. The fifth chapter, though brief, is equally good in. 
vay. Finally, the appendix contains notes on the contraction of wheels in 
ing, on shafts and gearing for screw propellers, etc, etc. 
We have now briefly indicated the contents of Mr. Box'^ capital little 
tise, and we trust we have said enough to show that it forms a valuable 
ilion to the practical Engineer's library. '- — Engineering, 

111 -Work. 

Buchanan's (R.) Practical Essays on Mill Work and 
■ other Machinery, with examples of tools of modern in- 
^■irention, and Supplement, edited by T. Tredgold and 
^KG. Rennie, &iplaUs, 3 vols,, royal 8vo :: 1 o 

m "Work. 

The American Miller and Millwright's Assistant, by 

H. C. Hughes, numerous illustrations, lamo, cloth 7 6 



\ 



Work. 

The Practical American Millwright and Miller, com- 
Jirising the elementary principles of mechanics, me- 
chanism, and motive power, hydraulics, and hydraulic 
motors, mill dams, saw mills, grist mills, the oatmeal 
mill, the barley mill, wool carding, and cloth fulling 
and dressing windmills, steam power, etc., by David 
Craik, illustrated by numerous wood engravings and 
folding ^lales, royal 8vo, cloth 
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n of Coal Hinci ; together 
wtt a HjuiMifc of Semes aod Incidtttts from the Life 
ofa Pnctical Man; br Robert Scon, Ute Chief of the 
VcBtibtnc D epartm ent at Cododge Colliery, second 
cditiaa, miGi iUmttrm iMms , 8to, sewed 

Reovds of llisiiie and UetaDingy : or. Facts and Me- 
naoraitda fin- the use of the Mine Agent and Smeller, 
by }. Anhor I'hilUps and John Darliogtoo, in crown 
Svo, cloth, illustratej iciti weed tngravings 

A Practical Treatise on Coal Mining, by Geo. O. 

Andri, Minii^ Cii-fl Engineer, F.G.S., &c., &c. To be 

_ n^npleted in t: monthly parts, at Jj-. each, containing 

"''«e8li»d6 ^/iil« o/jradKoirfraww^j. Parts I, 

^ow rejdy. 
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The Quartz Operator's Handbook, by P, M. Randall, 

ails, crown 8vo, cloth lo 6 

[oulding and Founding*. 

Moulders' and Founders' Guide ; a Treatise on Mould- 
ing and Founding in Green Sand, Dry Sand, Loam, 
and Cement, Moulding of Machine Frames, Mill Gear, 
Hollow Ware, Ornaments, Trinkets, Bells, and Statues ; 
Description of Moulds for Iron, Bronze, Brass, and 
other Metals, witt Receipts for Alloys, Bronzes, Var- 
nishes, Colours, by F. Overman, crown Svo, cloth 6 o 

Tarrow Gauge Hallways. 

Narrow Gauge Railways, by C. E, Spooncr, C.E., 
F.G.S., illustrated wilk 3^ folding plates, Svo, cloth 12 6 

Contents .- 
Copy of paper read at the " Inventors' Institute " on Narrow Gauge Rail- 
lys — the Festiniog Railway — Experiment on the Festiniog Railway — 
iptain Tyler's Report — The Railways of Ihe Future — Advantages gained 
■ Narrow Gauge Railways — Railway Gauges — Narrow Gauge Rolling Stock 
Battle of the Gauges — Indian Railway Gauges and Rolling Stock, etc 

autical Surveying. 

Nautical Surveying, by W, N. Jeffers, Captain U.S. 

a 3.vy, plates, Svo, cloth 21 o 

aval Architecture. 

Our Ironclads and Merchant Ships, by Rear-Admiral 
E. Gardiner Fishbourne, C.B., plates, Svo, cloth 10 6 

Contents 1 
DaiigeroflhepresentsystemofShip-buiUIing; Errors of Calculation; Value 
I.ife-BellB to Ships ; True Measure of Stability ; Effects of Unequal Dis- 
bution of Weight laterally ; Defects of Ironclads ; Experiments on Ihe 
ullan' and 'Devastation'; Stowage of Ships; Errors in the current mode of 
imaling the Stability of Ships ; and an outline of a correct and rapid mode 
Calculation, proved by mathematical reasoning, etc, 

aval Architecture. 

Current Fallacies in Naval Architecture, by E. Gar- 
diner Fishbourne, C.B., Retired Rear-Admiral, plates, 
Svo, sewed i a 

Do. do. Second Series, Svo, sew-ed i o 

aval Architecture. 

The Loss of H.M.S. ' Captain,' illustrating a new Prin- 
ciple of Naval Architecture, for the first time enun- 
ciated, by E. Gardiner Fishbourne, C.B,, Retired. ■&£■»!- 
Admira],^/a/es, Svo, sewed 'v *» 



46 dATAtOGUB or fioOKS FuBLraHXD BT 

Oblique AxclieB. 

A Treatise on the Art of Constructing Oblique Arches, 
with Spiral Courses, by Wm. Donaldson, M.A., Asso- 
ciate Institute Civil Engineers, ^/a?w, 8vo, cloth 

Ordnance. 

Siege Artillery in the Cjunpai^ against Richmond, 
with Notts OB the i S-inch Gun, including an Algebraic 
Analysis of the Trajectory of a Shot in its Ricochets 
upon Smooth Water, etc., etc., illustrated by accurate 
drawingi of a large collection of the rifle projectiles 
and fuses used by each army in- Virginia, by Brig.-Gen. 
H. L. Abbot, U.S. Army, ivith six folding plates, 8vo, 
cloth 

Ordnance. 

Ordnance and Armour, embracing descriptions, dis- 
cussions, and professional opinions concerning the 
Material, Fabrication, Requirements, Capabihties, and 
Endurance of Eurupean and American Guns, for 
Naval, Sea-coast, and Ironclad Warfare, and their 
Rifling, Projectiles, and Breech-loading ; also Results 
of Experiments against Armour, from Official Records, 
with an Appendix referring to Guncotton, Hooped 
Guns, etc., etc., by A. L. HoUey, 423 illustrations, 8vo, 
half-morocco £2 

Ore Deposits. 

A Treatise on Ore Deposits, by Bcrnai'd Von Cott;i, 
translated from the second German Edition, by F. 
Prime, jun., and Revised by the Author, uumeratis 
'jiood engravings, royal 5vo, cloth 

Outpost Duty. 

Practical Lessons in Reconnoitring, Outpost Duly, 
etc., suggested by the late Autumn Manceiivres, Nos. 
I and 2 each 

Paper Manufacture. 

A Practical Treatise on the Manufacture of Paper, in 
all its Branches, by Carl Hofmann, wilh 129 wood 
engravings and 5 large foldittg plaUs, 4to, cloth £1 I 

Paper Manufiicture. 

A Practical Guide for the Manufacture of Paper and 
Boards, by A. rtoleauv:,?,\-o,t\o\\\ 



Peat and its Uses, as a Fertilizer and Fuel, by Samuel 

W. Johnson, A.M., numermts aifs, post 8vOj cloth 6 o 

Ltent Law, 

Patent Law Considered as affecting the Interests of 
the Million, being Three Pamphlets, i. On the so- 
called " Patent Monopoly." 3. Statistics of Patents. 
3. The Policy of a Patent Law, by Henry Dircks, 
C.E., LL.D., etc., 8vo, cloth 4 o 

irpetual Motion. 

Perpetuum Mobile ; or, Search for Self-Motive Power 
during the 17th, i8th, and 19th Centuries, illustrated 
from various authentic sources in papers, essays, 
letters, paragraphs, and numerous patent specifica- 
tions, with an Introductory Essay by Henry Dircks, 
»C.E., with uuniermis engravings of machines, crown 
8vo, cloth 10 6 

„ „ Second Series, "with numerous engravings 
and portraits, crown 8vo, cloth lo 6 

' A curious and interestiuE work. Mr. Dirclts' cliief purpose was lo collect 
ether all the materials requisite to form a. record of wimt has been done, or 
jmpled rather, in this curious branch of (/uasi science, and most instructive 
)ne sense it is. Mr. Dircks' volume is well worth looking into ; it rantains 
ast deal of entertaining matter." — Builder. 

' Dr. Dircks ia not n visionary searching for the Perpeliinm, Mobile. He 
ceives its folly. While the search for it, he says, is not of itself ' evidence 
insanity, it is unquestionably a proof of ignorance, or of mental inability lu 
ster elementary knowledge ; ' and this book is a history of ihe blunders that 
re been suggested as solutions of the insoluble problem. The book is 
liousiy illustrated ; and certainly to the intelligent mechanic, perhaps even 
the general reader, it will be a book acceptaWe in leisure hours." — Ei/m, 
L 3. '870. 

stroleum. 

Air as Fuel, oi" Petroleum and other Mineral Oils 
utilized by Carbuvetting Air and rendering it inflam- 
mable, by Owen C. D. Ross, Mem. Inst. C.E., second 
edition, crown 8vo, cloth _ 3 6 

stroleum. 

A Practical Treatise on Coal, Petroleum, and other 
Distilled Oils, by A, Gesner, M.D., second edition, 
revised and enlarged, by G. W, Gesner, 8vo, cloth , 9 o 

atroleum. 

A Treatise on the Petroleum Zones of Italy, by E. St. 
r John Fairman, F.G.S., with maps, 8vo, sewed 1 6 



Plan and Map Drawing. 

The Draughtsman's Handbook of Plan and Map 
Drawing, including instructions for the preparation of 
Engineering, Architectural, and Mechanical Drawings, 
•with numerous illustralions and colored examples, 
by G. G. Andrfi, F.G.S., M.S.E., crown 4to, cloth 15 

Platelayers* Tables. 

Tables for Platelayers, compiled from the Formulse in 
the Work on Switches and Crossings, byWm. Donald- 
son, M.A,, A-l.CE., author of Switches and Crossings, 
and a Treatise on Oblique Arches, fiiafts, izmo, cloi ; 

Port of Calcutta. 

The Port of Calcutta, with special reference to the 
late Cyclone, and remedial Measures to he adopted, by 
Charles C. Adley, Esq., Q.E.,piales, Svo, sewed 

Printing. 

The American Printer, a Manual of Typography, con- 
taining complete Instructions for Beginners, as well as 
Practical Directions for Managing aJl Departments of 
a Printing Office, by Thomas Mackeller, cuts, 3vo, cloth 

Pump Fitter's Guide. 

The Pump Filler's Guide, for calculating and fixing 
Pumps, etc., by John SlAxidgc, plates, iznio, sewed 

Pyrology. 

Pyroiogy, or Fire Chemistry ; a Science interesting to 
the general Philosopher, and an art of infinite iffl- 
portance to the Chemist, Mineralogist, Metallurgist, 
Geologist, Agriculturist, Engineer (Mining, Civil, and 
Military), etc., etc., etc., by WiUiara Alexander Koss, 
lately a Major in the Royal Artillery, plates and cuts, 
crown 4to, clolh £l 1 

Railway Crossings. 

Switches and Crossings ; Formula; for ascertaining 
the. Angles of Crossings, the Lengths of Switches, 
and the Distances of the Points of the Crossings 
and the Heels of the Switches from the Springing of 
the Curve, by W. Donaldson, M.A., A.I.C.E., Author 
of ' A Treatise on Oblique Axches,' plates, 8vo, cloth 1 
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Lilway Curve Tables. 

Tables for setting out Railway Curves, arranged by 
Chas. PuUar Hogg, C.E., a series of cards arranged 
for Manipulation, with a sheet of Explanations and 
Examples, in neat cloth ease 4 6 

hese Tables are intended lo facilitale the ranging of circular Area, by the 
bod of Tsngcnlial Angles, introduced by Professor Rankine 1 they are 
ible for any unit of length, Briliah or Foreign, so long aa the angles and 
arcs are expressed in the same uniL The uiglea are given in degrees, 
iites, and decimals. 

away Curves. 

Tables for setting out Curves for Railways, Canals, 
Roads, etc., varying from a radius of five chains to 
three miles, either with or without a Theodolite, by 
Archibald Kennedy and R. W. Hackwood, 32mo, cloih 3 5 

ilway Curves. 

Treatise on the setting out of Railway Curves, with 
full Tables of the Angles, Distances, and Offsets 
required, especially arranged for the use of Measure- 
ments in feet and imperial links, but also adapted for 
the use of any other unit of Measurement, by David 
Livingstone, crown 8vo, cloth 10 6 

.ilway Curves. 

The Field Practice of laying' out Circular Curves for 
Railroads, by John C. Trautwinc, C.E., i2mo, roan 
tuck, ninth edition, revised and enlarged 10 6 

,ilway Curves, 

Tables for setting out Curves on Railways and other 
Pubhc Works, by J. S. Olver, C.E., mounted on a 
sheet and folded in a cloth case, crown 8vo 5 o 

tilway Construction. 

Manual for Railroad Engineers and Engineering 
Students, by G. L. \'ose, 165 ■woodculs and 31 large 
plates, 8vo, cloth .£^3 3 

,ilway Engineering. 

Manual of Railway Engineering, for the Field and the 
Office, by Charles P, Cotton, C.E., second edition, 
revised and enlarged, post 8vo, cloth 7 6 

Ilway Gradients. 

A Treatise on the Improved Method for overcoming 
Steep Gradients on Railways, whereby an ordinary 
locomotive capable of hauling a given load up a gradient 
1 in Bo, can talce the same up i in 8, by Henry Handy- 
-| side, Svo, sewed i o 
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Sanitary Engineering. 

Lecture on Water Supply, Sewage, and Sewage Utili- 
zation, delivered at the Sclaool of Military Engineering, 
by W. H. CorfieM, Esq., M.A., M.D. (Oxon), fol. 
sewed 
Sanitary Engineering. 

Sanitary Engineering, a Guide to the Constructioiv of 
Works of Sewerage and House Drainage, with Tables 
for facilitating the Calculations of the Engineer, by 
Baldwin Latham, C.E., Mem. Inst. C.E., Past Presi- 
dent of the Society of Engineers, etc., 21 plates and 
112 woodcuts, 8vo, cloth 
"Mr. Latham's book uddresses itself to the professional world in two I 
In the first place, it is so fully illustrated that if Che letterpress which 
tains were worllilcas, the book would still be a valuable addition to ai , 
engineer's library, simply because of Ihe drawings ; and it is only necesiaiy 
examine the volume to settle this point. We need scarcely add that the ' 
press and the engravings taken together render the book one of the most 
and most interesting to the engineer that has recently been pubtisbed. . 
The subject is not elegant, nor is it one easy to handle with a strict rq; 
delicacy ; and we think it does Mr. Latham no small credit to ted that 
discusses even the most unsavoury subjects connected with the cleansing c ' 
houses and cities in a way beyond reproach. At the same lime he 1 
nothing unsaid that ought to be said, and the work shoold be is the hn) 
everyone, engineer or not, who proposes to himself that the sanitary Un 
ments of his bouse shall be thoroughly efficient" — The Engineer. 

" . . . . Amongst those who have carried out their fiill sih> 
practical work, and who have written most and best upon sanitary sciei 
Mr. Baldwin Latham, who has thereby qualified himself for bringing the i 
■ubject in its striclly practical aspect before the profession. This he has __ 
menced to do, and the firstfruit of his labours in this respect is a vols 
replete with useful and reliable infonnation upon work of sewerage and bsi 

diainage The whole of the operations to which we have rcfo 

are not mere ina,tlers of design or opinion; (hey are in eveiy case iUustr* 
by the results of practice and experience. Moreover, Mr. Latham does t 
confine himself exclusively to examples from his own practice, but gives so 
from that of other engineers who aie engaged in the same branch of the p 
fession as himself. The volume is well and amply illustrated both with w 
engravings and lithograplied drawings, some in colours, of the most moc 
practice m sewerage. Many examples are taken from the extensive »< 
recently carried out by the author at Dantzic The treatise, in Tact, come, 
us upon authority, and will take its place as a text-book upon the subject 
which it treats, and will rank as a valaable contribution to professional IJt« 
tare."—E'!ginaring. 

" The present volume treats only of sewerage and house drainage, and leai 

very little to be said on those subjects The book is admir* 

illustrated, the smallest and most recent sanitary invention finding a place 
the plates, and a full description in the text. We can strongly recommend 
took to engineers, who would have to seek in many volumes ihe inform 
here collected into tm.t."—Jotirnal o/ Giu tilting, Water Su/^y, and, 
tary Imprmiiminl. 
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' In Mr. Latham's book llie physiologi-cal dalo upon which all sanitary 
[ineering ought to be based are well staled by the author. .... Au 
remcly interesting table is given of experiments made by the author on ' the 
sunt of absorption and the strength of bricks.' .... The several 
ds of apparatus for flushing sewers described by the author are very 
iniotia ; . , . . granting that sewers require flushing, from whatever 
se, the author gives some vjdunble information on the subject. . , . . 
the ventilation of sewers Mr. Latham is known to have paid great attention, 

he goes fully into the subject here Gullies and traps are fully 

itrateii by the author, aad tide valves, penstocks, and inverted syphons are 
.ted of, and (here is an excellent chapter on the subsoil drainage of the 
s of towns. House drainage, ' the crowning point of a system of sewers,' 

water-closet apparatus, complete the book. — Smldir. 
' . . . . After a careful study of this book on sewerage, we feel that 
camiot justly withbold the due meed of praise for its lucidity of arraagement 

exposition, presenting as it does, in some 350 pp. 8vo, a complete and 
ipendious summary of al! that is, or that needs to be, made known relating 
he suhjiicl, derived from works executed both in this country and abroad, 
;he practice of the author and other engineers as expressly and rightly 
nowledged by Mr. Latham. The mass of useful information is made more 
lable by a complete index, marginal notes, and very full and minute 
itrative engravings, showing in many cases what to avoid as well as what 
idopt ; antfwe mark as of especial value the formula and tables relating to 

velocity and dlschai^es of pipes and sewers of various forms and dimen- 
IS Bnder varying conditions as to volume and bead of water ; and other 
Utical tables of strength and properties of various materials, etc., etc . . . 
ine, we heartily and honestly commend Mr. Latham's ' first Instalment ' as 
tluable vade mteum for everyone, directly or indirectly associated with, or 
■rested in, sanitary science and engineering." — Iron. 

rew Cutting. 

Tables showing the Screws that can be cut on Slide 
Lathes, by H. L., 8vo, boards I o 

rew Cutting. 

Screw Cutting Tabks, for the use of Mechanical 
Engineers, showing the proper arrangement of Wheels 
for cutting the Threads of Screws of any required 
pitch, with a Tabic for making the Universal Gas-pipe 
Threads and Taps, by W. A. Martin, Engineer, second 
edition, royal 8vo, oblong, cloth i o 

Ditto „ sewed o 6 



Sewage Farming; No. I, with some remarks on the 
position of Sewer Authorities in relation to Lands to 
which Sewage is apphed, by J. Bailey Denton, Mem, 
Inst. C.E., Svo, sewed 



1: 



Drainage and Sewerage of Towns, by John 
Phillips, C.E., 8vo, sewed 
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Sevage. 

A Handbook of Sewage Utilization, by Ulick Ralph 
Burke, Esq., Bamster-at-Law, crown 8vo, cloth 
This work treats : I. Of the evils of the present system of Sewage TrealB 
the Pollution of Water, and tbe Waste of Maoure. II. Remedies, Pri»Ti 
Ash-pit ; Eureka. System ; Milan, Goul, and Moule's Systems. IIL T, 
ment of Sewage hy Chemical means ; Experiments wiUi Lime ; IJaut 
Chloride of Iioo ; Sulphate of Ammonia ; Holden's Process ; Su^ibil 
Alumimi ; Persalts of Iron ; BlytU, Lenk, Phosphate, A.B.C., Scott, and 1 
Processes; Filtration. IV. Irrigation, With an Appendix, inclnding 
Law relating to Sewage Utilizatian. 



The Sewage Question. Part i. The Water Carriage 
System, with an account of the Lime and Cement 
Process of Major-Gen. H. Y. D. Scott, C.B. Part 2. 
Interception Systems, with suggestions by Major-Gen. 
Scott for the Extraction of Concentrated Manu reB 
from Sewage, 2 parts, Svo, sewed 



The Sewage Question ; on the Treatment and Ul .^^ 
tion of Sewage, the Preparation of Land for Irrigation, 
and for Intermittent Downward Filtration, by J. Bailey 
Denton, Mem. Inst. C.E., F.G.S., Svo, ; 



' Scheme for the treatment of the Sewage Matter 
of our Towns, by utibzing it upon the Waste Land io 
the Country, thereby holding out an inexhaustible 
means for the Employment of the Labouring Classes, 
by Edward Brown, Slough, Bucks, Bvo, sew^ 



Sanitary Works and Sewage Utibzation, by J. Bailey 
Denton, F.G.S., Mem. Inst. C.E., Bvo, s 

Sewage. 

A Scheme of Sewage and Sewage Utilization 
Hornsey, prepared for the Local Board of Health,' 
Baldwin Latham, mafi, Svo, sewed "* 



1 Irrigation with Town Sewage, by Gi 



Sewage. 

Sanitary Siftings ; or. Results of Sewage Systi 
pared, by a. Naval Officer, Svo, sewed 



1 

ation^ ■ 
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»The Advantages of the Separate System of Drainage, 
with a description of the Works designed and carried 
out by the Author at the town of Halstead, Essex, by 
Edward Monson,A.I,C.E., Surveyor to the Acton Local 
Board, 8vo, sewed 



Sanitary Legislation and Science, with especial regard 
to Sewage and Water Supply (forming a resume of the 
Sewage tjueation), being the Substance of Two Lec- 
tures delivered before the Literary and Philosophical 
Society of Nottingham, by M. O. Tarbotton, Merab. 
Inst. C.E., Engineer to the Corporation of Nottingham, 
8vo, sewed 



Sewage no value ; The Sewage difficulty exploded ; Dis- 
posal of Sewage ; Turificalion and not Utilization being 
the main object ; Farmyard and Artificial Manures, by 
E. Monson, Assoc. Inst. C.E., Surveyor to the Acton 
Local Board, Svo, sewed 

Q'wing Machine. 

The Sewing Machine ; its History, Construction, and 
Application, translated from the German of Dr. Herz- 
berg, by Upfield Green, illustrated by 7 large litho- 
graphie plates, royal 8vo, ornamental boards 

beet Metal Worker. 

Sheet Metal Worker's Instructor, for Zinc, Sheet Iron, 
Copper, and Tin Plate Workers, etc., containing a 
Selection of Geometrical Problems, and practical and 
simple rules for describing the various patterns required 
in the different branches of Metal Working, yiplates, 
Svo, cloth 

hip -building. 

A Method of Comparing the Lines and Draughting 
Vessels propelled by Sail or Steam; including a 
chapter on laying off on the mould-loft floor, by 
Samuel M. 'PooV., plates, royal 8vo, cloth 

ilver Mines. 

Vazeeri Rupi, the Silver Country of the Vazeers, in 
Kulu : its Beauties, Antiquities, and Silver Mines, 
including a Trip over the lower Himalayah Range and 
Glaciers, by J. Calvert, F.G.S., Mem. Inst. C.E., illits- 
* tratcd with a map and coloured plates, Svo, cloth 
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Slide Valve. 

A Praeiieal Treatise on the movement of Slide Valves 
by Eccentrics, for the use of Engineers, Draughtsmen, 
Machinists, and Students in general, by C. W. Mac- 
Cord, hM., plates, 4to, cloth 

Slide Valve. 

The Slide Valve practically considered, by N. P. 

Burgh, Engineer, fifth ed\t\oa,' coHlaining 38 itlus- 

tratioHS, and 1 3 1 pages of letterpress, crown Bvo, cloth 

The following is a portion of a Review by R. Mallet, Esq., M.I.C.E., 

'■ Mr. Burgh's melhods are viewed here in Ihe practical light of the wcpik. 

nhoj), and with good examples of how the principles inculcated have b«n 

carried out by some of oar best engineering firms. The most essential qneii- \ 

tinns in relation to valve gear— and no working man who is ignonuit of tbem 

is fit lo be enlmsted with Ihe managemenli much less repair, of either a land 

or a marine engine of any magnitude — such as the effect upon the succesure 

position!! of the valve of the length of the connecting rod, and also that of ihe I 

eccentric rod or its equivalent — are extreniEly clearly pal and well illnstrald, 

and simple diagrams and rules are given for nnding the errors of traverse sad 

llirir correction. The last three chapters are wholly of apractieal character, and ' 

Ireat of the proportions of slide valves as employed by our great engineerinj 

firms — Penn, Maud^lay, Ravenhill, Wait, etc. — with eleven illustrated and 

illustrative examples, and of modes of packing, balancing, etc." 

Slide Valve. Designing Valve-gearing. 

A Treatise on a Practical Method of Designing Slide 
Valve Gearing by Simple Geometrical Construction, 
based upon the principles enunciated in Euclid's Ele- 
ments, and comprising the various forms of Plain Slide 
Valve and Expansion Gearing ; together with Stephen- 
son's, Gooch's, and Allan's Link-Molions, as applied 
either to reversing or to variable expansion combina- 
tions, b^ Edward J. Cowling Welch, Menib. Inst. 
Mechanical Engineers, crown 8vo, cloth 6 o 

The system described in this work enables any draughtsman or foreman lo 
"get out" in ^feza minutes, and with the greatest predion, all the details of 
a Slide Valve Gear, without recourse lo mtwels or other similar appliances. 

Soap and Candle Manufacture. 



V 



The Art of Manufacturing Soap and Candles, includ- 
ing the most recent discoveries, embracing all kinds of 
ordinary Hard, Soft, and Toilet Soaps, especially those 
made by the Cold process. The modes of detecting 
frauds, and the making of Tallow and Composite 
Candles, by Adolph Ott, Ph.D., cuts, 8vo, cloth 
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tair Building. 

Esterbrook and Monckton's American Stair Builder, 
containing a complete Exposition of the whole subject 
of planning and constructing Staircases and Handrails, 
in an entirely new and original manner, with Designs 
for Staircases, Handrails, etc., 240 engravings, folio, 
cloth ^220 

team. 

Economy in the use of Steani, a statement of the 
principles on which a saving of Steam may be best 
effected, by Frank Saker, B.Sc, cuts, crown 8vo, cloth 3 6 

beam. 

Lessons and Practical Notes on Steam, the Steani 
I Engine, Propellers, etc., for Young Engineers, Stu- 
I dents, and others, by W. H. King, U.S.Nt loth 

'"■■)n, CHis, 8vo, cloth 10 6 

leam Boilers. 

Practical Treatise on Steam Boilers and Boiler 
Making, by N. P. Burgh, Mem. Inst. Mec. Eng., iUus- 
Iraledby 1163 wood engravings and 50 large folding 
pla/es of aioriing' dra'o'ings. Toy al ^lo,hal(-moT0CCO ^£3 13 6 
Contents : 

Marine Boilers, Locomotive Hoilers. Portable Land Boilers. Stationary 
nd Boilers. Cylindrical Boilers. Vertical Boilers. Tube Boilers. Circular 
Lleis. Water Tube Boilers. Fire Engine Boilers. Furnace Boilers. Gas 
el Boilers. Oil Fuel Boilers. Medianical Coal-Feeding Furnaces. Me- 
inical Oil-Feeding Furnaces. Self'Acting Non-Feed Alarm Apparatus, 
fely Valves, with Loads and Self- Adjusting Springs. Feed Pumps. Feed 
ectors. Self-Acting Feed -Water Apparatus. Smoke-Consuming A pparalus. 
nstruclion. Proportions. Selling. Rules. Contracts. Repairs, Prices, 
plosions. Nature of Metals used. Galvanic Actions. Incrustation and 
Lansing. 

leam Boilers. 

The Boiler- makef sand Iroti Ship-builder's Companion, 
comprising a series of original and carefully calculated 
tables, of the utmost utility to persons interested in the 
iron trades, by James Foden, author of ' Mechanical 
Tables,' etc., fcap. 8vo, cloth 5 o 

;eam. Boilers. 

A Pocket-Book for Boiler Makers and Steani Users, 
comprising a variety of useful information for Employer 
and Workman, Government Inspectors, Board of Trade 
Surveyors, Engineers in charge of Works and Slips, 
Foremen of Manufactories, and the general Steam- 
wsing Public, by Maurice John Sexton, royal 32mo, 
roan, gilt edges 5 o 



1; 



I 



Bteam Boilers. 

Tables and Diagrams relating to Non-condensing 
Engines and Boilers, by W. P. Trowbridge, 4to, boards i; " 

Steam Soilers. 

Records of Steam Bailer Explosions, by Edward Bin- 
don Marten, with numerous diagrams, 8vo, cloth 5 ° 

Steam Engine. 

Practical Illustrations of Land and Marine Engines, 
showing in detail the modem improvements of High 
and Low Pressure, Surface Condensation and Super- 
heating, together with Land and Marine Boilers, by 
N. P. Bui^h, Engineer, 20 filaUs in doubU elephant, 
folio, cloth £fi 1 ^ 

LIST OF PLATES. 

Views ; Scale l) in. = 1 fool ; Dfr 

tails ; Scale 3 in. = I fool. 

Cylinder, Slide Valve and CasinR 

_'iston Covers and Trunks, Piston Rm 

and Guide Rod, Connecting Kod 



Plal! z. Details of High Pressure 

Engine, 12 H.P. ; Scale 3 in. = 1 

foot. 

Cylinder, Piston, Slide Cosing, 
Slide Valve and Rod, Connecting 
Kod, Piston Rod and Guide Block, 
Eccentric and Band, Slide Ccsinec ting 
Rod, Disengaging Socket Eccentric 
Rod, Weigh Shaft, Lever Stud 
Bracket, Shde and Pump Levers, 
Main Lever, Starting Handle, Ball 
Governor in detail. Governor Standard 
and Pulley. 
Piatt 3. Details of High Pressure 

Engine, t2 H.P. ; Scale 3 in. = I 

foot. 

Main Framing, Fly- Wheel, Crank, 
and Shaft, Feed Pump, Disengaging 
Socket, Link and Pin, Governor, 
Mitre Gear, Holding Bolts, Studs, 
Plates. 
Plate 4. Details of High Pressure 

Engine, 12 H.P. ; Half size. 

Feed Pump, Valves and Box, Re- 
lief Valve, Safety Valve, Starling and 
Governor Valves, Engine Feed Cock, 
Boiler Front Doors, Fire Bars, and , 
Supports. ^ 

Plalet,. Boilerand Settings, 12II.P. 

Scale \\ - ' ■ ^ 

Plait ' ■ 



Framing, Fly- Wheel, Governor 
and Levers, Eccentric Rods and Strap, 
Shaft and Discs, Starling Handle,, 
Feed Pump, and Plunger, 

Marine Engines. 
Plate 7. Marine Engine, Direct Action 
for the Screw Propeller, 400 H.P. 
Collectively ; Scale j in. = i foot ; ■ 
7 Views. 

e £» I 

, denser ai 

Feed and 
Cylinder, Equilibrium Slide Vdl^ 
and Casing, Main Frame, Coonedl 
ing R08 ; Scale 2 in. = I ' ~' 
Guide Block and Cross Head— 
2 in. — t foot ; Discharge Bod Shq 
tion Valves for Air Pump, 3 In.aiB 
I foot. 1 

Plait g. Details of One Marine E»fl 



gine, : 



oH,P. 



It ; 4 Viei 



Eccentrics and Straps, Solid ValvtJ 
Link and Block, Slide Valve RolB 
and Guide, Blow - throDgh Va1ve,a 
Shifting Valve, Relief Vflve, Bi^l 
and Feed Pninp Valves, Spur Wbedl 
for Expansion Gear, Kingston »~ 



Pbtc la Details of One Marine En- 
gine, 200 H.P.; Scale 3 in. = I foot 
Air Valves for Air Pumps, Steam 
Piston Injection Pipe, Air Pump 
Plunger, Air, Feed, and Bilge Pump 
Rods, Blow-through Valve for Con- 
denser, Bracltel for Reversing Gear, 
Drain Coct and Handle for Condenser. 
Plalf I r. Scale 3 in. = i foot ; Expan- 
sion Valve Gear, Throttle Valve, 
and end of Thrust Shaft for Marine 
Engine 200 H.P, 
Plale 12. Oscillating Engines for the 
Paddle Wheel, 150 H.P., Collec- 
tively i Scale 1 in. = 1 foot ; 7 



View 
Plali 14. Details of Paddle Wheel, 

75 H.P. 

Paddle Centre, Plummer Bloclt, 
Eccentric Shaft, and Bracket Lever 
Arms, Rings, Stays, Rods, Bolts and 



Marine Engines (coniinutd). 



Floats, Float Clamps, Arm Stays and 

Floats ; Scale 3 in. = I foot. 

Plali 15. Griffith Patent Screw Pro- 
peller, with Lifting Frame ; Scale 
1} in. = 1 foot. 

Piatt 16. Arrangement of a Pair of 
Marine Steam Engines of 900 H.P. 
for the Imperial Ottoman Ironclad 
Frigate, ' Sultan Mahmoud,' c 
structed by Ravenhiil, Salkeld, and 
Co.; Scale } in. = I foot. 

Plate IT- Marine Boiler, with Super- 
heating Tubes ; Scale I in. = I fool : 
6 Views. 

Plalf 18. Ordinary Condenser, and 
Air Pump, for Screw Marine Engine, 
200 H,P., and Oscillating Paddle 
Engine, 75 H.P. ; 8 Views. 

Plale 19. Surface Condenser, : 
II.P. ; Scale ij in. = I foot; 
Views. 

Plale 20. General Arrangement of 
Engines, Boilers, Shafting, and 
Screw for a Despatch Boat, 100 
H.P.; ScaIeiiQ. = ifooti S Views. 



The daailtd plates have the dlmcHiions fully given. 

Steam Engine. 

Modern Marine Engineering applied to Paddle and 
*" " / Propulsion ; consisting of 36 plates, 259 a 






the following fimis ; Messrs. J. Penn and Sons ; 
Maudslay, Sons, and Field ; James Watt and Co. ; 
J. and G. Rennie ; R. Napier and Sons ; J. and W. 
Dudgeon ; Ravenhiil and Hodgson ; Humphreys and 
Tennant i Mr J. F. Spencer ; and Messrs. Forester 
and Co. By N. P. Burgh, Engineer, 4to, cloth ^2 ; 



Steam Engine. 

Modern Compound Engines, being a Supplement 10 
Modern Marine Engineering, by N. P. Burgh, Mem. 
Inst. Mech. Eng., numerous large plates of -working 
drawings, 4to, cloth iS o 

The following Firms are contributing Working Drawings of their best and 
most modem examples of Engines fitted in the Royal and Mercantile Navies : 
Messrs. Maudslay, Rennie, Walt, Dudgeon, Humphreys, Ravenhiil, Jackson, 
Perkins, Napier, Elder, Laird, Day, Allibon. 
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OATiuxnn OF Books PtrauaHED bt 
' Steam Engine. 

Practic J Treatise on the Condensaiion of Steam ; 
contained in 263 pages of letterpress, and illnstraled 
•with 1 1 2 engravings, by N. P. Burgh, Engineer, super- 
royal 8vo, cloth „ 3 
' ' Contents : 
Method of CondeDuog Steam, in Steam Engines, between the yean 
■nd 1838. Modem Injection Condensers for Eind Beam Engines. M<.. 
Injection Condensers for Oscillating Paddle- Wheel Marine Engines. In]«li 
Condensers for Horizontal Marine Screw-Ptopeller Engines. Tubnlit Arraif^ 
ments for Surface Condensation. Tube Packings for Surface Condensatio 
Surface Condensers for Paddle- Wheel Engines. Surface Condensers for 1 
verted Vertical Direct-Acling Screw Engines. Surface Condensers for Ho 
lOnlal Direct-Acling Screw-Propeller Engines, Surface Coodenseis ! 
Horizontal Relum-Action Screw Engines. Arrangement of Piuops and Valrt* 
for Marine Engines. Valve-Connections for Pomps of Marine Engines. Sap- 
plementary Details for Condensers of Marine Engines. Arrangement of Pump 
Valves for Land Engines, Apparatus for the Condensation of Steam without 
Air Pumps. Condensing Apparatus for Locomotive Engines. The Principlo 
of the Condensation of Steam. Rules and Tables for Practical use, eti 

Bteam Engine. 

A Pocltet-Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine 

purposes, by N, P. Burgh, fifth edition, revised, with 

Appendix, royal 32mo, roan 

Details of High-Pressure Engine, Beam Engine, Condensing, Marine Scit 

Engines, Uscitlating Engines, Valves, etc.. Land and Marine Boilers, Propo 

lions of Engines produced by the rules, Proportions of Boilers, etc 

Steam Engine, 

The Engine Room ; who should be in it, and what 
they should do ; also the application of the Indicator 
to Marine Engines, by an Old Hand,//afoj, 8vo, cloth 

Steam Engine. 

The Cadet Engineer, or Steam for the Student, by 

John H, Long, Chief Engineer, U.S. Navy, and R. H. 

Buel, Assistant Engineer, U.S. Navy, cuts, 8vo, cloth 

Contents : 

The advantages and disadvantages of various kinds of Engines ; 

tion, advantages, and disadvantages of various kinds of Boilers ; appendix 

to Engines and Boilers, the Paddle Wheel, the Screw Propeller, Comb 

tion of Coal, Erection of Engines, Steam, Expansion of Steam, Cut-o&, I 

Indicator, the Slide Valve, Balanced Valves, Saturation of Water in Mu 

Boilers, Scale, and the means of Preventing its Formation ; Condensers, I 

Feed- Water Heaters, Relation of Power (or Fuel) and Speed in Sleam Nl 

gation. Management of Engines and Boilers at Sea, Overhauling the EngiU 

ftnd Boiter^ in Port, etc. 

Steam. 

Reed's Engineer's Handbook to the Local Marine 
Board Examinations, fourth edition, revised, by W, H. 
Thorn, crown 8vo, c\oV\i 
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Metric and English Table of Temperatures, and Pres- 
sures of Saturated Steam, from Experiments made at 
the Paris Observatory by M. Regnault, calculated for 
practical purposes, and including Atmospheric Pressure, 
by R. A. Peacock, C.E., F.G.S., 4to, sheet, folded o 6 

»am Hammer. 

History of the Steam Hammer, by T. S. Rowlandson, 

fifth edition, wUk iUttstrations, 8vo, sewed o 6 

»el. 

The Manufacture of Steel, by M. L. Gruner, Professor 
of Metaliui^ in the School of Mines, Paris, and In- 
spector-General of Mines, translated from the French , 
by Lenox Smith, A.M.E.M,, with an Appendix on the 
Bessemer Process, in the United States, by the trans- 
lator, illrtstrated with platen and •woodcuts, 8vo, cloth 1 8 o 

ttreet E^Uways. 

A Practical Treatise on Street or Horse-power Rail- 
ways, their Location, Construction, and Management, 
with General Plans and Rules for their Organization 
and Operation, by A. Easton, C.E., numerous plates, 
8vo, cloth lo 6 

Strength of Beams. 

On the Strength of Beams, Columns, and Arches, 
considered with a view to deriving methods of ascer- 
taining the practical strength of any given section of 
Beam, Column, or Arch, in Cast Iron, Wrought Iron, 
or Steel, by B. Baker, nujnerous cuts, crown 8vo, cloth g t> 
" The book which Mr. Baiter has produced is one that will be of immensa 
service to the student of buildiag construction, as the methods of calculation 
are very fully explained, and can be worked out with but little use of alge- 
braical yormuif, the author having endeavoured to assitoilate the process of 
investigation to the ordinary routine of the drawing office ; in other words, he 
ha$ preferred compasses to equalions, and scales to logarithms whenever the 
selection was optional. 

" The student, however, must not jump to the conclusion that there is no 
need for him to acquire a considerable knowledge of mathematics, for he will 
tinil that the whole of the reasoning throughout the book is what may be 
termed ' mathemalicaj,' although without any extensive use of the symbols 

which are supposed lo be inseparable from that science. 

. , . ■ The object which our author has had in view has been to derive 
methods of ascertaining the practical strength of any given section of beam, 
column, or arcb in cast iron, wrought iron, or steel ; and to show how the 
various data obtained as the results of the numerous experiments which have 
been made on those materials can be utilized for that purpose." — BmMc, 
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[ Sulphuric Acid. 

The Chemislry of Sulphuric Acid Manufacture, by 
Henry Arthur Smith, aits, crowTi 8vo, cloth 

Contents ; 

Ground Plan of Kilns for Burning Sulphur Ores — Section of Pyrites FB 
nace— On the Presence of Arsenic — Mellrnds for Removal of Arsenic— A 
Experimental Exunioalion of the Circumstances which determine the Acliai 
of the Gases in Ihe Lead-chamber — On the Distribntion of Gitses in the Lai 
chamber — On ttie Temperature at which Nitric Add acts upon SnlpbnroB 
Acid — On Ihe Distribution of Heat in the Lead-chamber — An Inquiry into thi 
Best Form of Leaden Chamber, etc. 

Surveying. 

A Practical Treatise on the Science of Land and En- 
gineering Surveying, Levelling, Estimating Quantities, J 
etc., -with a general description of the several Instru- I 
ments required for Surveying, Levelling, Plotting, etc^ J 
by H. S, Merrett, M fine plates, ■with Ulustrations and J 
tables, royal Bvo, cloth, 2nd edition. i; M 
Principal Contents: I 
Part 1, Introduction and the Principles of Geometry. Part 2. Land Sni-l 
'eying ; comprising, general observations — the chain — offsets surveying by the J 
chain (»ily — surveying hilly ground, to survey an estate or parish by the cluia 1 
only, surveying with llie theodolite — Mming and town sun-eying — railroad sup- 1 
reying — Mapping — division and laying out of land — observations on enclosumJ 
— plane trigonometry. Part 3. Levelliog— simple and compound levelling-J 
the level-book—parliamentary plan and section — Levelling with a Iheodohiw 
gradients — wooden curves — to lay out a railway curve — setting out widtb^| 
Fart ^ Calculating quantities generally, for estimates—Cut dogs and Ei^| 
bankmenls — Tunnels— Brickwork — Ironwork — Timber measuring. Part d 
Description and use of instruments in surveying and plotting — the improveH 
dumpy level — Troughton's Level — the prismatic compass — proportioiml cai^| 
pass— box sextant — Vernier — pantagraph— Merrclt's improved quidnuit— i^H 
proved computation scale — the diagonal scale — straight -edge and secta^f 
Fart 6. Logarithms of numbcrs^logarithmtc sines and co-sines, tangent *ii^l 
co-tangents — natural sines and co-sines — Tables for earthwork- — for selling oluB 
curves, antl for various calculations, etc., etc, etc. 1 

Survoyingr. J 

The Principles and Practice of Engineering, Trigono- 
rnetrical, Subterraneous, and Marine Surveying, by 
Charles Bourne, C.E., third edition, numerous plates 
andteoodaits, 8vo, cloth 

Tables of Squares and Cubes. 

Barloiv's Tables of Squares, Cubes, Square Roots, 
Cube Roots, Reciprocals of all Integer Numbers up to 
. 10,000, post Bvo, cloth 



?able of liOgarithms. 

Short Logarithmic and other Tables, intended to facili- 
tate Practical Calculations, and for solving Arithmetical 
Problems in class, 8vo, sewed t o 

Ditto, cloth I 6 

^able of liOgarithms. 

Table of Logarithms of the Natural Numbers, from 
I to io3,ooo, by Charles Babbage, Esq., M.A., Stereo- 
typed edition, royal 8vo, cloth 7 6 
To ensure the correctness of these Tables of Logarithma, they were com- 
iredwith Gullet's, Vega's, Hutton's, Briggs', Gardiner's, and Taylor's Tables 
Lngarithms, and carernUy read by nine different readers ; and further, to 
move any possibility of an error remaining, (he stereotyped sheets were hung 
] in tlie Hall at Cambridge University, and a reward offered to anyone who 
luld finil an inaccuracy. So correct are these Tables, that since their first 
lue in 1827 no error has been discovered. 

'aTiTiing. 

A New and Complete Treatise on the Art of Tanning, 
Currying, and Leather Dressing, comprising ait the 
Discoveries and Improvements made in France, Great 
Britain, and the United States, by Professor H. Dus- 
sauce. Chemist, illustrated by 'ixi ivood engravings^ 
royal 8vo, cloth £2 10 o 

eeth of Wheels. 

Camus (M,) Treatise on the Teeth of Wheels, demon- 
|f strating the best forms which can be given to them for 
^■■the purposes of Machinery, such as Mill-work and 
^J Clock-work, and (heart of finding their numbers, trans- 
it Isted from the French, third edition, carefully revised 
and enlarged, with details of the present practice of 
Millwrights, Engine Makers, and other Machinists, by 
Isaac Hawkins, illustrated by \% plates, 8vo, cloth 5 o 

ph Cables. 

e for the Electric Testing of Telegraph Cables, by 
Captain V. Hoskiier,//a/i'j, post 8vo, cloth 4 5 

Contents : 

rhe conductivity of the Copper. The chaige of Ihe Cable. Insulation of Ihe 
1jle. Insulation of a joint. The situation and greatness of a FauU. Testing 
1 laying of a Cable, Formula;, Tables, etc. 

Blegraph Cables. 

Experimental Investigations of the Laws which govern 
the Propagation of the Electric Current in long Sub- 
marine Telegraph Cables, conducted for the Joint Com- 
mittee appointed by the Lords of the Committee of 
Privy Council for Trade, and the Atlantic Telegraph 
n Company, by Latimer Clark, ^/u/f, smaH folio, boarcfs 1 61 



Tinman's Manual. 

The Tinman's Manual and Builder's and Mechanic's 
Handbook, by J. R. Butts, third edition, lamo, cloth j ' 

Torpedo Warfare. 

A Treatise on Coast Defence ; based on the esperi- 
ence gained by Officers of the Corps of Engineers of 
the Army of the Confederate States, and compiled 
from Official Reports of Officers of the Navy of the 
United States, made during the North American War 
from i85i to 1865, by Von Scbeliha, Lieutenant- 
Colonel and Chief Engineer of the Department of 
the Gulf of Meiiico, of the Army of the late Confe- 
derate States of America ; •wilk nuimreus fine plaUs, 
imperial 8vo, cloth, top edge gilt \% 

CONTENTS : 

The Progras madt in Naval ArrkitectUTi and in Artillfry nectf^a. 

modijicatien 0/ Ikt Prindptts fierctofori vbsurvsd in Coast Deftnct. 
CkaITKR 1— R«ilroad Commimicatlon with different points on Ihe sd'! 
preferable to fOTlifying places of but secondary importance, eansi 
scattering of Forces. 
Chap. II.— Exposed Masonry not cspable of withstanding the ei^ctt o 
dern Artillery ; Bombardments of Foits Sumter, Morgan, Jacksoi 
Phillip, and Pulaski. 
Chap. Ill, — Earth, especially Sand-woiltE, properly conslrucled, a ' 
Protection against Modem Artilleiy Ihan permanent FottiRcationi 
on the old plan; Bombnrdinent of Island No. lO, Victsbutg, B 
Wagiier, Fort Fisher, Fort Powel). 
CtlAP. IV. — Guns mounled ai harbtlte, even when protected by pn 
built Traverses, may be silenced by a concentrated fire from S 
Description of Fort Powell and Batteries on Choctaw Bluff; G 
Remarks on the Construction of Shore Batteries. 1 

Chap. V.— No Fort now built can keep out a large Fleet, uijess Ifae CI 
is obstnicled ; Attack on, and Passage of Forts Jackson and Sl> I 
on the Mississippi ; Passing of the Batteries at Vicksburg ; P 
of the Batteries at Island No. 10 by the Fedeial Gunboats Can 

and PilUburgi Passing of Port ^■■' - — r--.--. - . - 

ning the gaunUel of Federal Bal 
Ram Arkansas passes tlic Feder 
Runners. 

Chap. VI. — A merely partial Obstruction of the Channel not luffict 
enable Forls to keep out a large Fleet ; Passage of Fort Morgan 
Federal Fleet under Renr-Admiral D. G. Farragut, and Naval E 
ment in the Lower Bay of Mobile ; Genera] Orders and detailed I 
of Reat-Adnural D. G. FaTragul ; Description of Conredeiati 
Tetuasa; Loss of United Stales Steamer FhiHpti 1 



:ji 
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Chaf, VII. — No Fleut can force a Passage if kept under the Fire ef heavy 
Batteries by properly constructed Obstruttions ; First Attack on Fort 
Sumter ; Admiral Farragul's Opinion of the Obstructions of Spanish River 
and Choctow Pass in the Upper Bay of Mobile. 

Chap. VIII. —Views of Rear-Admiral David D. Porter on Coast Defence, 
Part IL 

Oh ObslructioHi. 

Chap. IX. — Importance of ObslructiotiB ; to delerroine the Nature of an 
Obstruction w)iich should satisfy all demands ; Obstructions to be pre- 
pared in time of Peace ; Division of Obatruttioas ; Position of Obstroc- 
lions in relation to shore-batteries ; Strength required ; Cost-price. 

C'lUP. X.— On Sunken Obstructions : Dams, Sunken Vessels, Racks ; Cte 
Obstructions formed by Piles, CAfvaux-dt-Frise, Sawyers. 

Chap. XI.— On Floating Obstructions ; Booms, Chains, Rafts, and Rope 
Obstructions; ObstrucHons formed hy Combination of Rafts, Ropes, and 
Torpedoes : Captain Piron's System. 

CiLAP. XII.— Torpedoes; Experience demands Simplicity of Construction j 
Torpedoes are divided into Stationary Torpedoes, Torpedoes nsed in 
offensive operations against the enemy ; according to methods of liring ; 
by contact self-ex.ploding Torpedoes ; Torpedoes fired from Shore ; 
Methods of firing Torpedoes, by the Match, Acids, Percussion, Friction, 
Electricity. 

Chap. XIII. — Torpedoes fired by the Match, by Acids, by Percussion. 

Chap, XIV.— Torpedoes fired by Friction; Raines' Topedo ; Mobile Bay 
Torpedo. 

Chap. XV.— Torpedoes fired by Eleclricity. 

Chap. XVI. —Apparatus for Obsetvation in relation to Stationaty Torpedoes. 

Chap. XVEI.-EHect of Torpedoes. 

Chap. XVni.— Laying ofTorpedoes ; Method of regulating Position of Tor- 
pedoes 1 Torpedoes alone no sufficient Obstruction ; to be laid in several 
rows and en akelon ; where advantageously placed ; Ancbonng of Fkutt- 
jng Torpedoes must not be perceptible on tlie Surface ; Influence of Sail 
Water on the Torpedo ; Advantages and Disadvantages ; Comparative 
Cost-price of the different kinds. 

Chap. XIX. — Torpedoes used in (pensive Operations ; Torpedoes driving 
with the current and wind, or propelled by Mechanism ; Torpedo-boat ; 
Torpedo-rocket. 

Chap. XX.— Methods for Lighting up Channels, Fire-flats ; Calcium Light ; 
Electric Light. 
" Any book written like the volume before us, by competent hands, and 

Iri^aling of the scientific conduct of the campaigns, must be of great value to 

military men. . . . The book contains so much valtiable matter as to be 

worth a place in all military libraries." — Tim/i. 
"It is impossible to read the pages of Von. Scheliba's handsome volume 

without being convinced that it constitutes an admirable contribution to the 

literature of military engineering. The arrangement of the work and the 

system of treatment adopted by the editor are eicellent ; so excellent that we 

liave failed to find room for improvement These propositions he 

has derived from the results of experience acquired by the contending armies. 

He attempts no proof of the accuracy of his propositions other than that sup- 

riied by the official reports laid before Congress, nor is Qtliei -^mrS lesfisisA,. 

^ ■ lulhor's propositions, is to reject the \tivc™\ei?.& at'ifiw^^'^^ 

. . Taken as a whole the woiVl \s ts.ce'i^ETA^^E'iS''""- 



^ied by the 
To reject o 
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'uming*. 

The Practice of Hand-turning in Wood, Ivory, Shell, 
etc, with Instructions for Turning such work in Metal 
as may be required in the Practice of Turning in 
Wood, Ivory, etc, also an Appendix on Ornamental 
Turning, by Francis Campin, second edition, with 
■wood engraviigs, crown 8vo, cloth (a book for be- 
ginners) 6 o 
Contents : 

On lathes, turning tools, turning wood, drilling, screw-cutting, miscella- 

nus apparatus and processes, turning particular forms, staining, polishing, 

linning metals, materials, ornamental ttiming, etc. 

'urning'. 

Specimens of Fancy Turning, executed on the hand 
or foot lathe, with geometric, oval, and eccentric 
chucks, and elliptical cutting frame, by an Amateur, 
illustrated byya exquisite photographs, small 4to, cloth lo 5 

! urning. 

^p A Manual of the Hand-Lathe, comprising concise 

^^ Directions for working all kinds of Metals, Ivory, 

^V'Sone, and Precious Woods, dyeing, colouring, and 

^P French polishing, inlaying by Veneers, and various 

methods practised to produce elaborate work with 

despatch, and at small expense, etc., by E. P. Watson, 

illustrated by 78 engravings, post Svo, cloth 6 o 

! urning. 

Specimens in Eccentric Circular Turning, with Prac- 
tical Instructions for producing corresponding pieces 
in the art, by J. H, Ibbctson, _^/a/«J-, 8vo, cloth 7 6 

''entilation. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Power, 
with Review of the mode of Calculating the Draught 
in Hot-Air Flues, and with some actual Experihienis, 
by J, Drysdale, M.D,, and J. W. Hayward, M.D., 
demy 8vo, <wiih plates, cloth 7 6 

''entilation. 

Ventilalion of Buildings, by W. F. Butler, mts, 8vo, 



Valve-Gears, 

Treatise on VjJve-Gears, 'witfa special consideration' of 
the Liok- Motions of Loconiotive Engines, by Dr. 
Gustav Zeuner, third edition, revised and enlarged, 
trajislated from the German, with the spccia.1 permis- 
sion of the author, by Moritz Miiller, plates, 8vo, cloth 



First Division. 
Chap. L — Description of thi 



Contents : 

— Valvi-Ctan with Ont Slide Vohi/. 
■Simple Vahie-Giar wilh Fixed Expans 

ipic Valve-GBBT with Honowed Slide Vslrt; ] 



\ 



Thmiy of the Valve- Motion 'in the simple Slide Valve Gear. PtactjU] 
Application of the Diagram. Solutions of a few Problems. Froclicd 
Notes on the desJEning of Valve-Gears. 

Chap. II.— On ihe " Missing Quantity" in the Formula of the simple Vdve-I 

MotioB. RepresetitatioD of the Di^lHition of the Steam by ineai]s oil 

Valve-Ellipses. The Diagram by Reuleaux. The Diagrajn by Mnller. J 

Second Da/isioH.—RaieTsing MolisH viM Variablt ExpansisH. (LidlJ 

Motions.) 

Chap. L— Link- Motion by Stephenson. Description of the Linlt-Motia 
Theory of Stephenson's Link- Motion ; — a. Determination of Ihc Trai; 
of the Slide- Valve ; b. On the Curve of Centres ; e. On the Suspensh 
of the Link. Practical Applicatioa of the Digram. On the "Missi 
Quantity." 

Chap. IL— Lint -Motion by Gooch. Description of the Valve-Molii 
Theory of the Lmk-Molion by Gooch :— a. Determination of the Tra' 
of the Valve ; *. On the CmTje of Centres ; c. On the Suspension of I 
Link tmd of the Radius-rod. Practical Application of Ihe Diagram. 

Cmap. III.— Link- Mol ion by Allan. Descnption of the Link-MolU 
Theory of Allan's Link-Motion : — a. Determination of the Tnivd of I 
Valve ; *. On the Curve of Centres ; c. On the Suspension of the I ' 
and of the Radius-rod. Practical Application of the Diagram, 

Chap. IV. — Link-Motion by Hensinger von Waldeeg. Description of I 
Unk-Motion. Theory of Hensinger von WaliSgE's Link-Motion ■.~ 
Determination of the Travel of the Valve ; h. On the Curve of Centi 
Practical Application of the Diagram. 

Chap. V.— Link-Motion by Pius Fink. Description of the Link-MoB 
Theory of Fink's Link-MoUon : o. Determination of the Travel oft 
Valve; *. On the Curve of Centres; e. On the Suspension of the L" 
and of the Radius-rod. Practical Application of the Dis^mm. 

Appkkdix to First Past. — On the Counter-effect of the Steam in Enpi 
with Reversing Gear. \ 

Second Part. — Valve-Motions wUk Tkiio Valves. 

Chap. L — Valve-Motion by Gonjenbach. Descr^lion of the Valve-Motio^ 



Theory and Applicalion of thf 
Chap. 11.— Valve- Motion by Meyer. 

Theory and Application of tlie Di 
Chap. III. — Valve-Motion by Polom 

Theory and Application of the Di 
B'OEKS OS LiKK-MC 



lagram. 

Description of the 
lagram. 

Description of the Valve-Mod 



Vocabulary of Teclmical Terms 

Used in the Design, Manufacture, and Commerce of 
Iron Structures. English, French, German, Italian, and 
Spanish, by Ewing Mathesonj 8vo, sewed 

- Wage Talole. 

I Delany and Oke's Wage Table for Engineers, Ship- 

I Builders, Contractors, Builders, etc., from one quarter 

■ of an hour in regular progression to nine and three- 

^H quarter hours, from one day to ten days, at one shilling 

1^^ to eight shillings a. day, on a sliect 

Ir 



The Art of War, by Baron de Jomini, General and 
Aide-de-Campof the Emperor of Russia, anew ediiion, 
with Appendices and Maps, Translated from the 
FretiGh by Capt. G. H. Mendell, Corps of Topogra- 
phical Engineers, U.S. Army, i2mo, cloth 



"Watehwork. 

Treatise on Watchwork, Past and Present, by the Rev, 
H. L. Nelthropp, M.A., F.S.A., numerous illnstra- 
lions, crown 8vo, cloth f 

Contents : 

Definitions of words and terms used in watchwork. Tools. Time, H 
liral Buraroaiy. On caJcnlations of the numbers for wheels and pinions, their 
proportional sizes, trains, etc. Of dial-wheels, or motion-work. Length of 
time of going without winding-up. The Verge. The Horizontal. The 
Dupleit, The Lever. The Chronometer. Repealing Watches. Keyless 
Watches. The Pendulum, or Spiral Spring. Compensalion. Jewelling of 
pivot-holes. Clerkenwell, Fallacies of the Trade. Incapacity ofWorkmeii. 
How to choose and u.'ie a Watch, etc. 

Water Supply. 

Report on the Filtration of River Waters for the Supply 
of Cities, as practised in Europe, made to the Board 
of Water Commissioners of the City irf St, Louis, by 
James P. Kirkwood, C.E., itluslrated -wiih 30 plaits, 
royal 4to, cloth .£3 I, 

Water Supply. 

Facts and Fallacies, discussed in a Series of Letters, 
written for, and published in the ' Courier ' Newspaper, 
between Nov. 1866, and April, 1867, chieHy with 
reference to Constant Service, and a Future Source of 
Supply, by John Taylor, C.E., 8vo, sewed 
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Wood-working' Factories. 

v'^u :h<' ArrjLr:^;:-:r:^ii:i:. Cjl:^. ind Operadoa of Wood- 
wvvri;:*^ Fictxr:<s jlzni Michinery. •bnain^ a complete 
i^jVTuror'^ lljLTjC^xi. tv V ^-^i^irds. Mechanical 
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bod-'workiiLg Machines. 

A Treatise on the Construction and Operation of 
Wood-working Machines, including a History of the 
Origin and Progress and Manufacture of Wood- 
working Machinery, hy J. Richards, Mechanical Engi- 
neer, 25 folding plates, and nearly 100 full-page 
illustrations of English, French, and American Wood- 
working Machines in modern use, selected from the 
designs of prominent Engineers, 4to, cloth ^i S o 

One of the few technical works of originality and merit that have recently 
sared. . . . The plan adopted by the anihor is to notice in a general 
the leading operations of wood conversion, with t'ne constroclion and 
-alion of machines in modem use ; introducing such rules and treating of 
I laws as have been £xed by practice and experience, and have come within 
knowledge of the writer within an extended experience, in designing and 
itructing both standard and special machines for woodwork. , . . The 
tratioos form an important feature of the work. . . . The descriptive 
■rpress and the vast amount of information about the various kinds of 
d-work will make this work indispensable 10 all who are either makers or 
s of wood-working machines." — MecAanit'i Magaiine. 

Mr. Richards has written on a subject with which he has a thorough 
tical acquaintance, and he has succeeded in producing a treatise which 
lid certainly be in the hands of al! users of wood-working machinery, and 
;h. moreover, will be of mach interest to engineers generally. In con- 
e should stale that the woik is illustrated by no less than one hundred 
ateen well-engraved plates, showing examples of every class of wood- 
king machinery by the leading makers in this country, in America, nod on 
Continent. "—Efiginffring. 

This is a most useful and valuable book, and needs little commendalion 
. practical and Itustworthy treatise. Important, especially in the United 
es — as of wood-working as a national industry no complete history and 
:ription of the various mechanism employed has heretofore been attempted. 

The work before us in profusely illustrated with views of the best machines 
Lincrica and Europe, and it forms a valuable contribution to the mechanical 
ature of the day." — Scimtific American. 

lCllt&. 

Yachts and Yacht- Building, being a Treatise on the 
construction of Yachts and other matters relating to 
Yachting, hy P. R. Marett, second edition, enlarged, 
illustrated with X'i folding plates, demy 8vo, cloth 13 6 



Just Published, Svo, Cloth, \as. dd. 
IROCEEDINGS OF THE ASSOCIATION OF MUNICIPAL 
and Sanitary Engineers and Surveyors, Vol. I., 1873-4. Edited 
Lewis Angell, Mem. Inst, C,E., Hon. Fellow of King's College, 
idon, F.R.S., B.A. 
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Recetpts.I 


_ Uliimifurturcrs, ^ec^anics, i£- Smnlifit |tmatt«rB. 


1 BY ERNEST SPON. 


CONTAINING RECEIPTS FOR J 


Bookbinding. 


Encrraving on Wood, Copper, 


Bronzes and Bronzing. 


Gold, Sliver, Steel, -and 


Candles. 


Stone. 


Cement. 


Etching and Aqua Tint. 


Cleaning. 


Firework Making — (Rocket!, | 


Colourwashing. 


Stars, Rains, Gerbes, Jels, 


Concretes. 


Tourbilions, Candles, Fires. 


Dipping Acids. 


Lances, Lights, Wheels, Fire- ^ 


Drawing Office Details. 


balloons, and minor Fire- . 


Drying Oils, 


works.) J 


Dyeing. 


Fluxes. 1 


Dynamite. 


Foundry Mixtures. 1 


ElectroMetalluTgy — (Cleaning, 


Freezing, 


Dipping, Scratch-brushing, 


Fulminates. 


Batteries, Baths, and Deposits 


Furniture Creams, Oils, Polishes, 


of every description). 


Lacquers, and Pastes. 


Eaamt\s, 


Gilding. 





Glass Cutting, Cleaning, Frost- 


Painting in Oils, in Water 


ing, Drilling, Darkening. 


Colours, as well as Fresco, 


Bending, Staining, and 


House, Transparency, Sign, 


Painting. 


and Carriage Painting. 1 


Glass Making. 


Photography. 


Glues. 


Pigments. 1 


Gold. 


Plastering. 


Graining, 


Polishes. 


Gums. 


Pottery— (Clays, Bodies, Glazes, 


Gun Cotton. 


Colours, Oils, Stains, Fluxes, 


Gunpowder. 


Enamels, and Lustres). 


Horn Working. 


Scouring. 


Indiarubber. 


Silvering, 


Ink — (Writing and Printing). 


Soap. 1 


Japans, Japanning, and kindred 


Solders, _,_ J 


processes. 


Tanning. ^M 


Lacquers. 


Taxidermy. sl^l 


Lathing. 


Tempering Metals. ^TH 


Leather. 


Treating Horn, Mother oTeari, 


Lubricants. 


and like substances. 


Marble Working. 


Varnishes, Manufacture and 


Matches. 


Use of. 


Mortars. 


Veneering. 


Nitro-Glycerine. 


Washing. 


Oils. 


Waterproofing. 


Paper. 


Welding. 


Paper Hanging. 


Whitewashing. 


Besides Receipts relating to the lesser Technological matters 1 


and processes, such as the manufacture and use of Stencil Plates, 1 


Blacking, Crayons, Paste, Putty, Wax, Size, Alloys, Catgut, Tun- 1 


bridge Ware, Picture Frame and Architectural Mouldings, Compos, ' 


Cameos, and others too numerous to mentioo. 
» 


M London: E. & F. N. SPON, 4^, Charing Cross. 
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>OCIETY OF tNGtNEERS RANSACTIONS. 



Coaainiiif papeii an the roltowine ti>tO«:tit—5(cuii- Boiler Eiploiioni, by P- F. Tfanti 
RiUlian tKiwnn Ihi »[): load wd Ihi uliimile areaeA at Icon, by Zenfi Qilbuni : Co 
KrudKxi uf Chclaca Bridge, by G. G. F^e ; Unmbiy ind Buodi Rultway. ^ C. SaadcnoB 
SitiulliDg. fu Ijnil (md N*val Puipcau. by F. WIm : Sleam Nsvisacion on the lodus, I 
A. W URB 1 uid SlDun Fin-Eagiau, by W. RabcrB. 

CoBIBinbE Hpcn on tbc foUowJni subjccu :— Fuel, by P. F. Nurscy; Muiulknuieof D 
Gn, by A. F. WU.nn; Ciinil!ji PiminqE EnEine, by A. Praier; Klisllc Railway Whnb, 1 
V. Pnutnd ; Road Biidgo osd RjiUwayi >1 Clunng Croa, by M. Paik« ; Eiploidoa u Eril 
wd Keptur ef the Rivet Bank, by U G. Uoure ^ Supply of Wuec to Tawu, by B. Lubani 

F^tr, Stw, cisli. III,, iS6j. 
CDBtminiac iiipen on the (bUowing >ubi«I5;— The PatenI Lswi, by T. C. Abel; Sl_.., 
aad Rigidity, by W. E. Cudu ; Certain Methuds a( Tniting Cut Iron in the Foundry. 
Zcrah Colburn: Imnliui »ilh Tnwa Sevage. by a King; Cinubr Tables, by Hr- 
HidceHiU; Supir-MaiiBB Machinery, by Peiry t. Numey i lite Adhesion of Locono 
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